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FHP pump 
Up to 80 gpm, heads to 125 feet. 


Compact pump and motor requires only two bolts for installa- 
tion. Rigid construction holds alignment for longer bearing 
and seal life. Mechanical seal. Open impeller economy model 
does adequate job on many installations at very low cost. 
Closed impeller model for higher heads. Also available as 
frame-type pump for separate mounting. 





Electrifugal pump 
Up to 500 gpm, heads to 220 feet. 


Only pump with unit-cast frame. Motor and pump are 
mounted on a single shaft in a one-piece rigid cast-iron 
frame. Alignment is rigidly held but there is plenty of space 
for maintenance. Installation requires only four bolts. Stand- 
ard packing or mechanical seal available. Also built as frame- 
type pump for separate mounting. 








Supporting adapter pump 
Up to 2500 gpm, heads to 550 feet. 


Flange motor and pump mounted on sturdy cast-iron sup- 
porting adapter. Motor and pump use same shaft. Rigidity 
assures vibrationless operation and long bearing life. Only 
four bolts required for installation. Available with standard 
packing or mechanical seal. Built in same ratings as frame- 
type pump for separate mounting. 








FREE ENGINEERING HELP 


OUR ALLIS-CHALMERS PUMP REPRESENT- 
lien is thoroughly familiar with the 
pump problems of equipment designers. He 
can offer you valuable time and money-saving 
Suggestions in planning your equipment. 


Electrifugal is an Allis-Chalmers trademark. 


ALLIS-CHALMERS 





When you need help on a pump problem, 
call your nearby Allis-Chalmers District Office. 
Write Allis-Chalmers, Milwaukee 1, Wiscon- 
sin for Bulletins 52B7529, 52B6140 and 


52B6083 describing these designers’ pumps. 
A-3969 
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Meet Bob Rodgers 


A new addition to the staff of 
MACHINE DESIGN is Robert C. Rod- 
gers, assistant editor, whose pic- 
ture appears on Page 202. A na- 
tive Hoosier, Bob graduated from 
Purdue in 1949 with a B.S. in elec- 
trical engineering. Prior to coming 
with us he spent four years in the 
design and development of visual 
research apparatus for the G. E. 
lamp division at Nela Park. His 
stint for Uncle Sam included two 
years in the Navy as electronic 
technician, much of that time being 
spent with minesweeping opera- 
tions along the coast of China and 
Japan, and he now holds a com- 
mission in the Naval Reserve as a 
radar officer. Bob’s hobbies in- 
clude color photography and wood- 
working and he is interested in 
sports. Inasmuch as he stands two 
inches over six feet we’ll leave you 
to guess which particular sport 
claims his participation. 


This Month's Cover 


Wherever new automobiles are 
being exhibited or discussed this 
year, one of the big show-stoppers 
is the glass-reinforced laminated 
plastic body. For the first time the 
large automotive manufacturers are 
actually offering such bodies to the 
public, which is definite indication 
that this material has now come of 
age. Our front cover this month 
is a sort of salute to plastic lamin- 
ates prompted by these new devel- 
opments and by Boeing engineer 
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Cer the Fotrd 


Robert King’s article which begins 
on Page 112. 

Incidentally, this is one of the 
subjects included in Boeing’s “Proc- 
ess Tips” program. As with other 
materials and processes, a display 
board is set up at a strategic point 
in the engineering department 
where it can be seen by all engi- 
neers. Exhibits illustrate design 
principles and typical applications, 
and bulletins on the process are 
available for interested designers. 


Your Magazine 


In recent months some of you 
have been interviewed by represent- 
atives of the Eastman Research Or- 
ganization, which is making studies 
of how MACHINE DESIGN is being 
read and what values design engi- 
neers are receiving from it. It is 
part of our plan to maintain Ma- 
CHINE DESIGN as your professional 
journal, and we appreciate the time 
and thought which you have given 
to answering our questions. Al- 
though we do tailor our editorial 
material to your expressed desires, 
we don’t stop at that, as you will 
see from Colin Carmichael’s edi- 
torial on Page 103. 


Dare To Compare 


You will recall the “Dare To 
Compare” advertisements which 
appeared recently in MACHINE DE- 
SIGN, showing a blindfolded man 
assembling a Westinghouse Life- 
line starter. Through the courtesy 
of the manufacturer the editors 
were given an opportunity to test 
their skill (or, perhaps, the ease 
with which the starter could be put 
together) by assembling one them- 
selves. The course came in seven 
easy lessons but we must confess 
we weren’t able to do it blindfold- 
ed—not the first time, anyway. 
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Recipe for Leadership 
S POLITICIANS and others are fond of declaring, with apparent satis- 

A faction, this is the Age of the Common Man. But the more thoughtful | 
are asking, how can we avoid an accompanying degradation of intellectual 

standards leading ultimately to an Age of Mediocrity? 

Those who control the mediums of mass education and entertainment—books, 
magazines, newspapers, theater, movies, radio, television—seem content merely 
to cater to their conception of mass demand rather than trying to elevate public 
taste. After all, as responsible business people they can’t be expected to risk 
going broke performing noble experiments. But when some educators who should 
be taking the lead in elevating standards no longer concern themselves so much 
with what should constitute a good education as with what the students seem 
to want, what hope is there of halting the downward trend? 

Writing in The Saturday Review, Joseph W. Krutch comments at length 
on the foregoing points and concludes that the most important social task of 
thinkers and educators today is to “define democratic culture in some fashion 
which will both reserve a place for uncommon excellence and, even in connection 
with the largest masses, emphasize the highest rather than the lowest common 
denominator.” 

Although the readers of MACHINE DESIGN are not to be compared with “the 
largest masses” there is a parallel, and it would be easy for us as editors to 
persuade ourselves that we should publish only what the statistically average 
reader thinks he wants or can fully understand. 

But what of the real needs of an expanding design engineering profession 
and of the uncommon men who are taking the lead in creative developments? 
These needs will be satisfied only by a bold policy of presenting challenging 
articles which pioneer into new realms of thought and action. It has been grati- 
fying that more and more of the forward-looking leaders of our profession, 
both here and abroad, are recognizing this as MACHINE DESIGN’s editorial policy 
and are offering for publication in our columns the findings of their advanced 
thinking. 

We fully recognize the criticisms of those who object to the fact that not 
all our pages are easy reading. But unless we challenge the intellect of our 
readers we lose the right to call ourselves a professional journal and we cannot 
expect to retain our editorial leadership in the design engineering field. While 
giving full attention to the real and important needs of our mass readership, 
we intend io continue to “reserve a place for uncommon excellence . . . and 
emphasize the highest rather than the lowest common denominator.” 


pS Oe, 


EDITOR 














VALUATING designs for producibility and prov- 
E ing designs prior to release for production ob- 

tains the best possible machine components at 
the lowest possible cost. Regardless of method, this 
precept holds true; and with foundry processes may 
even be imperative for best results. In this article 
a method of casting development that unites good 
structural design and good foundry practice, and 
has been proved highly satisfactory, will be outlined. 


Analysis of Design: The design engineer should 
carefully consider the following points when design- 
ing a new component, or redesigning a part for cast- 
ing. 

Why Cast It? When considering this question it 
is well to keep in mind the numerous advantages of 
the casting process. Perhaps the most important 
of these is that the process in itself is the most di- 
rect method of producing either intricate or simple 
parts. The wide range of mechanical properties pos- 
sible is another; and, of course, there are many more 
reasons for arriving at an affirmative answer. This 
question stimulates the thinking of all concerned; 
and once the decision is made, the efforts of every- 
one involved will be directed toward the objective— 
a good casting design. 

What Is the Quantity Involved? This will deter- 
mine the extent to which the part should be de- 
veloped and how. 

Is Time Available for Development? The size and 
nature of the part will determine the amount of 
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time required. It should be stressed that this meth- 
od requires less time and proves the design before 
releasing for production, whereas the accepted meth- 
od releases largely unproved designs, or designs en- 
tirely dependent on sometimes questionable mathe- 
matical calculations, for production and results in 
costly errors. 

What effect will the design have on the part func- 
tionally, structurally, and will it be compatible with 
good foundry practice? In short, the part must func- 
tion properly and carry the service loads. The gen- 
eral shape of the design is determined at this point; 
and many provisions can be designed into the part so 
that an economical operation for the foundry wil 
result, Fig. 1. 

Will the Weight be Satisfactory? Weight is 
important as maximum strength and minimum weig 
is always desirable. Also weight is one of the 
factors in determining the price of the casting. 

Is Cost a Factor? It invariably is. Mini 
cost is obtained when the part is properly desig: 
as the casting can be produced more economically. 
The casting design should be based on facts and 
not opinions. 


Method of Product Design: After considering these 
questions and an analysis of the desired product has 
been made, the design engineer is acquainted with 
the facts of his problem and is now in a position 
to develop the design of the part. The first step is 
to produce free-hand sketches of the proposed design. 
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Fig. 1—Correct design for 
casting permits proper direc- 
tional solidification. Modi- 
fied design shown below 
improved soundness and re- 
duced cost 








Sketches provide freedom of design not found on the 
drawing board. Sections can be blended and propor- 
tions changed more readily because thought processes 
are not disrupted by technical details of engineering 
drawing. 

While the general shape of the casting is de- 
fined by these sketches, the designer’s ideas are so- 
lidified for the first time in a mock-up, Fig. 2. The 
basic materials for mock-ups are wood, plastic, clay, 
plaster and wax. These materials are readily formed 
to the desired shape and changes can be made with 
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ease. Quite frequently, a mock-up can be used as 
an experimental pattern. Therefore, they should be 
made to actual size or to scale if the part is large. 
The mock-up brings into being the desired struc- 
ture and is readily understood by every one’ con- 
cerned. 

At this stage, consultation with the foundry en- 
gineer will aid in determining how the pattern should 
be laid out, and how the foundry can best cast the 
part, as well as suitable gate and riser systems. 
During such consultation, it becomes apparent to 


Fig. 2—Typical casting 

mock-up for develop- 

ment of a crankshaft 
throw 








the design engineer what effect his proposed design 
has on the foundry procedure. The foundry engineer 
can point out ways of improving the proposed de- 
sign in order to utilize the advantages of the cast- 
ing process. It is a distinct advantage to have free- 
hand sketches and mockups made at this point as 
suggestions can be made readily understandable by 
either sketching or adding or taking away clay on 
the mock-up. These suggestions, incorporated into 
the design wherever possible, create the point of 
union between design and good foundry practice. 

In Fig. 3 is illustrated how the proposed design 
was modified by placing the bosses on the inside, re- 
sulting in the elimination of two cores. The cores 
for the hinge pin and main base were made integral, 
thereby insuring their being in alignment with one 
another and parallel with the base. All ribs were 
placed in such a position that they formed a single 
component which was under direct compressive stress. 
A reduction in weight of 3.4 pounds was made and 
the total cost of the bracket was reduced 15.9 per 
cent. 

At the conclusion of the consultation with the 
foundry, a written report covering equipment re- 
quired, cost of sample casting, cost of experimental 
stress analysis, nature of test, and outlining general 
procedure is in order. This will serve as a guide 
and co-ordinate the efforts of the design engineer 
and the foundry engineer. Included in this report 
should be an estimated selling price. However, it 
should be pointed out that the results of tests may 
alter a proposed design and affect the final selling 
price. 


Production of Sample Castings: Experimental cast- 
ings can be made by the foundry from either the 
mock-ups or inexpensive patterns. In some cases the 
master patterns can be made and used for produc- 
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Fig. 3—Origina! cast steel hinge bracket 
design, a, and redesign 6, which elim- 
inated two cores, made cores for hinge 
pin and main base integral for align- 
ment, and improved stress conditions 


tion of experimental castings, if the double shrink- 
age does not have an effect on the final dimensions 
of the casting. This saves both time and money later 
on. Wood gates and risers should be attached to 
the experimental patterns. In this manner, the 
foundry engineer can establish control over produc- 
tion of experimental castings and eliminate guess- 
work in this vital phase, Fig. 4. 

To provide factual data as to any adverse effects 
the proposed design has on the molding process, close 
engineering follow-up is necessary by the foundry. 
Changes in design may be possible that would im- 
prove molding with production pattern equipment. 

Experimental castings are checked for visual and 
hidden defects, dimensions, gross weight and net 
weight The castings are then machined and assem- 
bled. This close follow-up of the experimental cast- 
ings is necessary as knowledge is gained which is per- 
tinent to the final design of the part. 


Evaluating the Design: At this stage the cast- 
ing is ready for design evaluation by experimental 
stress analysis. This can be done by testing tlie 
part in its own environment or under simulated con- 
ditions. Brittle lacquer and strain gages are excel- 
lent methods of evaluating the design quantitatively 
and qualitatively. These useful tools permit the en- 
gineer to determine accurately the functional charac- 
teristics of a particular design. 

To accomplish this the engineer requires a stress 
analysis laboratory with the proper equipment—or 
one that is available to him. The laboratory re- 
quires two rooms, each of appropriate size depend- 
ing on the size of work to be analyzed. One room 
is equipped with a brittle lacquer outfit—spray booth 
with blower system—and is used for the preparation 
of a specimen, Fig. 5. The other room is used for 
testing. Basic equipment is a heavy steel testing 
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Fig. 4 — Above — 
Crankshaft master pat- 
tern with wood gates 
and risers attached for 
production of sample 
casting 


table, hydraulic jacks and an air-conditioning unit. 
Stresscoat is a commercially available brittle lacquer 
and can be used without controlling temperature and 
humidity. However, an air conditioning unit will en- 
hance the results. 

The surface of the casting to be tested must be ab- 
Solutely clean and free of loose scale, grease and 
paint. The strain indicating coating is selected for 
the conditions that will prevail at time of test. The 
coating is then sprayed on the casting uniformly and 
at the same time the calibration strips are coated. 
The part is assembled into the test setup and al- 
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EVALUATING CAST DESIGN 





Fig. 5—Above—Applying Stresscoat in the labora- 
tory preparation room 


Fig. 6—Below—Test crankshaft showing areas of 
high stress indicated by the brittle lacquer coat 


. i 
40 i 












lowed to dry at 90 degrees or more for twelve hours 
in the testing room. The air in the room is brought 
under control to conform to the conditions for the 
selected coating. 

Calibration of the coating is then made by apply- 
ing a known strain to the strips and the strips are 
then placed in the strain indicating scale where the 
coating sensitivity value is read. Loads simulating 
those which will be encountered under actual service 
conditions are then applied to the casting. Cracking 
of the brittle coating forms fine hair-like patterns 
at right angles to the maximum principal tensile 
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Fig. 7 — Equipment 
and setup for conduct- 
ing strain gage survey 
of compressor crank 









strain, Fig. 6. 

For accurate quantitative values, detecting the for- 
mation of the first strain pattern in the coating and 
calibration of the coating at the time of testing is 
important. The strain pattern, or patterns formed 
on the casting are then matched with the known 
patterns on the calibration strip and values read from 
the strain scale. Apparent values of stress are then 
computed by multiplying the value of strain by the 
tension modulus of elasticity of the casting. 

Stress may be computed from the strain lines with 
an accuracy of about 15 per cent. However, Stress- 
coat clearly indicates the location and orientation 
points for resistance wire strain gages which have 
an accuracy of 2 per cent. When actual quantita- 
tive information is required, Stresscoat analysis is 
essential but should be followed by a strain gage 
survey, Fig. 7. 


Modification of New Design: General stress dis- 
tribution patterns give an overall picture of service 
stress conditions and possible improvement in the 
design of a structure usually becomes apparent. 
Strain gage results prove whether the design of the 
part is adequate to carry the loads and assure the 
design engineer that a proposed design will meet serv- 
ice requirements. If not, the results of the experi- 
mental stress analysis will indicate the action neces- 
sary to improve the stress distribution. This is done 
by adding or removing metal adjacent to the highly 
stressed areas. When modifications in the design 
have been effected, the test procedure is repeated. 
Thus, optimum designs may be developed based on 
facts instead of opinions. Modifications are made and 
evaluated by stress analysis until the design is ac- 
ceptable. 


Conclusion: As a rule, correct basic design can 
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casting 


be developed directly through this procedure and only 
slight modifications are required to produce a satis- 
factory part. The design engineer by this simple 
means acquires all the facts pertinent to the design 
of a part. With tests completed, he is in a position 
to make all necessary engineering drawings and write 
the final report with full knowledge that he has a 
proved design engineered for economical production. 
The release for production can be written with com- 
plete confidence as the casting design has been based 
on sound engineering principles—engineered for the 
foundry—with the foundry. 


Bottling Machine Serves 30 Years 


BOTTLE-FILLING machine which refuses to 

wear out is still in use at the Minneapolis plant 
of Canada Dry after serving for over 30 years there 
and in two other bottling plants. In first-class operat- 
ing condition, the machine has outlasted three amor- 
tization schedules and is now working at 110 per cent 
of rated capacity. Total output thus far is calculated 
at slightly over 400 million bottles—2'% bottles for 
every person in the United States. The company’s 
explanation for this endurance record is that the ma 
chine was well engineered to begin with and has re 
ceived careful maintenance. 


“ ‘Thrust’ is a word that has become familiar to all 
of us since the advent of the jet era. But I think that 
thrust has a production concept also. It is the driv- 
ing force that gets a job done despite all obstacles. 
and pushes irresistibly toward the single, vital goal.” 
—E. W. RAWLINGS, lieutenant general, U. 8. Air Force 
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CANNING the field 
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Lieuw SPRINGS offer high recoil power in min- 
imum space without problems of permanent set. The 
Hydra Spring, developed by the Wales-Strippit Corp., 
utilizes various specially compounded compressible oils 
to achieve the same resilient action provided by con- 
ventional springs. Designed in several styles of stroke 
and preload, these cylindrical units will develop a re- 
coil force as high as 3800 pounds, six to ten times the springing force of a coil spring 
of equal size and volume. 

Unlike mechanical springs, the force of Hydra Springs may be varied by chang- 
ing the special oils or the volume utilized. One oil offers 6.2 and another 10 per cent 
compression at maximum load. Limited variation in 
preload is accomplished by setscrew adjustment of the 
small force adjuster piston. Typical spring character- 
istics are shown by the graph. Strokes range up to 
1% inches, maximum. 












































Tare RESISTORS, de- 
signed for electronic printed- 
circuit applications by the Na- 
tional Bureau of Standards, 
need no heat curing as did 
previous types. Precured and 
bonded to silver or silver-plat- 
ed copper leads, the resistors 
may be soldered or spotweld- 
ed into the circuit convention- 
ally. Compactness, stability 
and high-temperature opera- 
tion are characteristic advan- 
tages of the units which meas- 
ure about 4-inch wide by 112 
inches long by 0.012 to 0.015- 
inch thick. 
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Bounr-vr CAST DESIGN in the form of 
“slices” simplifies the casting process and 
eliminates coring problems. Brazing offers 
the ideal method of assembling the slices. 
By dividing aluminum castings into simple 
easy-to-make sections, both high-production 
and quality can be achieved. Developed by 
the Aluminum Company of America, brazed 
designs using permanent-mold cast C612 
aluminum alloy segments for engine blocks 
—a really complex casting 
—have been successfully 
produced. Actual engine 
operation shows no struc- 
tural difficulties. 

Unique possibilities in 
cast design are evident and 
further, the brazing of the 
aluminum segments can be 
done satisfactorily with as- 
cast flat faces commercially 
possible with permanent- 
mold castings. The C612 
alloy has excellent elonga- 
tion and where necessary, 
coining or disk or belt 
grinding can be utilized. 
Depending on the type of 
joint, No. 718 brazing me- 
dium in the form of sheet 
or wire is used and brazing 
carried out with No. 33 flux 
at 1085 F. Liner tubes of 
iron and 61S alloy have also 
been brazed-in_ satisfac- 
torily. 
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Fig. 1—Low-pressure laminated fairing houses 
a warning light installed on the 
rear belly of the KC-97 which directs 
the pilot of the aircraft being refueled 


laminates were largely restricted to simple struc- 

tures, such as sheets, tubing and rods molded at 
high pressures. With the advent of the war, a new 
family of low-pressure laminates was developed—low- 
pressure thermosetting alkyd resins of the unsaturated 
polyester type. Capable of being produced by rela- 
tively simple manufacturing methods, these new lam- 
inates made possible the production of plastic lamin- 
ates in relatively large, complex shapes, Fig. 1, open- 
ing new areas of use for the designer. Emphasis will 
be placed on the use of alkyd-resin plastic reinforced 
with various glass-fiber fabrics. 

Plastic laminates, as distinguished from other types 
of fiber-filled plastics, are made by (1) saturating or 
impregnating layers of a filler of continuous-type con- 
struction with one or more resinous materials, (2) 


Pramin to World War IL, available forms of plastic 
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“laying up” or laminating the plies of the impregnated 
filler to achieve the desired form, and (3) applying 
pressure and heat to compact the laminate and curé 
the impregnant, usually a thermosetting resin. Fillers 
may be sheets or rolls of paper, woven fabrics of in 
organic, natural organic and synthetic fibers such as 
glass, asbestos, cotton, nylon, Orlon, etc. Nonwover 
or matted fabrics of organic or inorganic varietie: 
may also be used, or sheets of film, foamed or othe! 
cellular construction plastic, or even wood veneers. 

Thermosetting resins usually employed are _ th« 
phenolics, ureas, melamines, polyesters_and silicones 
When the properties of a thermoplastic are desired 
the acrylics, polyamides (nylon), certain cellulos« 
derivatives or polystyrene may be used as impreg- 
nants. 

Laminates are frequently classified according to the 
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Offering almost unlimited versatility in the design 
of large or complex shapes, glass fabric-plastic 
laminates are produced by a simple manufacturing 
process, relatively inexpensive in small quantities 


pressures employed in their fabrication: high-pressure 
laminates are those fabricated at pressures of from 
1000 to 2000 psi; low-pressure laminating employs 
pressures below 200 psi; those low-pressure laminates 
fabricated at pressures of from 0 to 10 psi are usually 
called contact laminates. This classification is only 
general in nature, and certain materials and processes 
may be used for one or more types of laminates. 


Materials: Polyester resin products reinforced with 
glass fiber are analogous to reinforced concrete; each 
group of glass filaments (average tensile strengths of 
270,000 psi) acts as a reinforcing rod when supported 
and given “body” by the resin. Unsaturated poly- 


ésters are generally highly viscous liquids which poly- 
merize (change from a liquid to a solid form by great 
increases in the length, branching, and molecular 
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weight of the resin chain) upon the addition of certain 
oxygen-containing catalysts (peroxides) and the ap- 
plication of heat (70 to 250 F). Commercial laminat- 
ing resins are modified by the addition of liquid hydro- 
carbons such as styrene which lower the viscosity and 
aid the cross-linking or branching of the polyester 
during polymerization, resulting in a three-dimensiona! 
molecular structure. 

It is this three-dimensional structure which lends 
thermosetting properties and increased solvent resist- 
ance—as compared with thermoplastics—to polyester 
resins. In comparison, thermoplastics, which soften 
upon heating and can be remelted, have relatively 
straight-chain polymers which slide upon each other 
upon application of heat. 

Glass fabrics for plastics reinforcement are woven 
by various commercial mills from glass-fiber yarns, 
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a. Low-viscosity molding plaster is poured into three-piece 
air-duct mold—itself of laminated glass-fabric construction 


b. Excess sloshing plaster is then poured out from the mold 
c. After hardening, the plaster mandrel is removed from the 
mold and dried 
d. The plaster mandrel then receives a coating of a parting 
agent. The part is an aircraft alcohol-water injection tank 











e. Glass fabric is impregnated with a polyester-resin plastic 
in’ a knifecoater. White color results from the addition of 
antimony oxide, a fire retardent 
f. Stacked piles of impregnated glass fabric are cut accord- 
ing to prepared patterns 
g. The laminate is then “laid up’’—each ply of fabric is 
tailored and positioned on the mandrel 
h. Low-density foam cores (cellular cellulose acetate) may be 
added to provide greatly increased stiffness 


a 


ee \ kha 





i. The layed-up laminate is en- 

closed in a vacuum bag of poly- 

vinyl-alcohol film, after which the 

laminate is cured under vacuum 

of 20-24 inches of mercury a 
200-250 F 





j. After curing, the plaster mandrel 
is broken out of the laminated 
part with rubber paddles 














LOW-PRESSURE LAMINATES 


Fig. 4—Manufacturing procedure for plastic-impregnated 
glass-cloth parts, custom-laminated by bag-molding 


made in turn from filaments of low alkaline-content 
glass to facilitate “wetting” of the fibers by the plastic. 
The weaving, using conventional equipment, requires 
that the glass threads be lubricated to avoid self- 
abrasion with consequent breakage and Jower strength. 
After weaving, the lubrication is removed and the fab- 
ric given certain surface treatments to effect the pro- 
duction of laminates having maximum wet and dry 
strengths. In the laminate the surface treatment acts 
as an intermediate bond between the impregnating 
resin and the glass fibers. 


Types of Laminates: Low-pressure laminates include 
standard commercial laminates manufactured by “out- 
side” companies and those custom-made laminated 
products (usually contoured) made in accordance with 
the custom-molding techniques outlined herein, Fig. 2. 
Some of the available varieties of laminates are out- 
lined in TABLE 1. 

One interesting application of low-pressure lamin- 
ates is the mocking-up of complex skins, fairings, etc., 
using inexpensive Osnaberg cloth, a moderately-loose 
weave cotton fabric, as the reinforcement in place of 
the glass fabrics. 


Manufacturing Method: The various types of low- 
pressure laminates differ markedly with respect to the 
manufacturing process employed and to the type and 
cost of tooling required for production. Standard 
commercial low-pressure laminated sheets, as shown 
in TABLE 1, represent but one phase of low-pressure 
laminating. These are produced by the continuous- 


Table 1—Typical Plastic and Glass-Cloth Laminates 





Classification Uses Remarks 





k. Remnants of plaster and the Custom-molded 


parting agent are removed by ' Nonstructural Covers, junction boxes, Can be Remepeontn 
i , housings; contoured parts with some rop in 
— & oO ee sand with no electrical re- strength, 
removal, a special plaster is mere- quirements. 
ly soaked in warm water F Nonstructural Ducts for heating, deic- All parts flame- 


I. Some components are given an - ing, etc. proofed. 

additional sealing coat of polyes- ° , " Structural ag —_ = 4 By 
i illi i / enna housings, isolating critic - 
— ma ony one applying é sections, fin tips, cavity quirements; complies 

Pressure, forcing the resin into any fc/ @ antennas. with USAF 12051. 
voids or leaks a Structural Radomes, antennas. Honeycomb sandwich 

structure; USAF 

12053. 
Standard* 

Nonstructural Casings for support and Flat panels; semiuni- 
prevention of chafing of directional strength. 
fuel cells, 

Nonstructural Parts with simple curva- Bidirectional-strength 
ture, cargo liners, D-sec- panels; several grades 
tion ducts, with various impact 

strengths. 


Nonstructural Backing boards for self- Do not flower inward 
sealing fuel tanks, on impact from pro- 
jectiles; two types, in- 
termittently or con- 
tinuously stpported. 





* For products involving only flat or simply curved sheets. 
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contact process. Continuous-contact laminates include 
the vast quantities of decorative laminates used for 
the surfacing of bars, dinette tables, kitchen cabinet 
counter tops and similar applications; the vast ma- 
jority of these are paper-base laminates, as compared 
with the glass-fabric base laminates discussed in this 
article. Special blotter-like, unfilled white papers 
make up the bulk of the laminate while the surface 
ply (or plies if both sides of the laminated sheet are to 
be decorative) is a firmer, less porous paper upon 
which the desired design and color are printed. 
Custom low-pressure laminating of nonstructural 
products, Fig. 3, differs in that each part is prepared 
separately upon a form or mandrel, usually of con- 
toured configuration, which may or may not be ex- 
pendable. For a typical part (a junction box, for ex- 
ample) a plaster mandrel is prepared to the inside di- 
mensions of the desired part, Fig. 4. After oven-dry- 
ing to remove the free moisture, the plaster is brush 
or spray-coated successively with (1) a special part- 
ing lacquer and (2) an aqueous solution of polyvinyl 





Table 2—Physical Properties of Typical Light Con- 
struction Materials 





Laminated 

Structural Aluminum Phenolic 
Glass-Fiber Sheet Magnesium Sheet 
Plastic (248-T4, Sheet (Type II, 





Property Laminate clad) (FS-1A) Grade C)* 
Ultimate tensile strength (pci) 38,000 61,000 32,000 7,500 
Yield strength (psi) ........ , 38,000 = —=—S—té<“ié«w Kwa 
Specific tensile strength (psi)ft 21,300 13,700$ 8.4508 5,500 
Compressive strength (psi).. 21,000f,** 38,000§ 13,000§ 35,000 
Spec. compressive strength 

(psi)t . : Sheeecesesees Beene 13, 700§ 7,350§ 25,700 
Flexural strength (psi) 45,000** bee nes 16,000 
Spec. flexural strength (psi)t 25,300 — sid 11,750 
Modulus of elasticity, 

flexural (psi) coeees 2.5108°* 10.5><10° iene éetee 
Specific gravity at 70 F.... 1.78 2.77 1.77 1.35 
Density (Ib/cu im.) ......... 0.064 0.100 0.064 0.049 
Pee BENGE ccc cccccensen Yes Yes Yes No 
PE sevdeunenguancnat No Yes No No 
Thermal conductivity ° 

(Btu/hr/sq ft/in./deg F) . 3 1400 1100 1.5 


Thermal coefficient of expan- 


sion, linear (per deg F)... 1010-* 12.5x10-* 14.5x10-* 12 x10-¢ 





*,** Minimum ultimate strengths allowed under Federal Specification 
HH-P-256 or USAF Specification 12051, respectively. tStrength-weight 
ratios—unit strength divided by specific gravity. §Figures are, or are 
based on, yield values. tValues are edgewise compressive strengths. 








Table 3—Percentage Retention of Dry 
Strength After Exposure to Moisture 








Tempera- 
Loading Exposure ture Strength Retention 
(per cent) 

Tensile 24-hr immersion Room 96.4* ia 

2 months, 100% RH 100 F 88.0T 
Compressive 24-hr immersion Room 91.4* 

2 months, 100% RH 100 F 64.0t 
Flexural! 24-hr immersion Room 94.4* 

30-day immersion Room 69.7* 

70-day immersion Room 74.5§ 

70 days, 100% RH 75 F 72.4§ 

70 days, 100% RH 100 F 70.9§ 





*Boeing Aircraft Co, Test Report T-27950. tForest Products Labora- 
tory Report 1820, February 1951. tForest Products Laboratory Report 
1819, October, 1950. 








alcohol. Upon drying the resultant film does not in- 
hibit the curing of nor adhere to, the polyester lam- 
inate. 

Glass fabric, impregnated with the plastic is “laid 
up” on the prepared mandrel; each ply is usually 
tailored to the contour of the mandrel prior to the 
addition of the next ply. Strength is maintained in 
the tailored areas by lapping the cut edges from % 
to 1 inch. Succeeding plies, in number sufficient to 
achieve the desired overall thickness, are tailored and 
lapped in other areas to avoid excessive thickness in- 
creases. Where extra thickness is desired, however, 
additional pieces of fabric may be inserted in local- 
ized areas. 

The layup—still on its plaster mandrel—is then 
“bagged”’, i.e., is placed in a bag of transparent film 
which is then connected to a source of vacuum pres- 
sure and evacuated of air as in Fig. 3i. Curing of the 
impregnant is accomplished by placing the assembly 
in an oven at 200-250 F for two to six hours depend- 
ing upon laminate thickness and mass of the plaster 
mandrel. Vacuum pressure is maintained during the 
curing cycle. 

To minimize warpage, the part is allowed to cool 
prior to the removal of the plaster mandrel—usually 
effected by breaking up the mandrel with rubber mal- 
lets. Permanent or semipermanent mandrels of alu- 
minum, Kirksite, steel or wood may be utilized for the 
laminating of components having no re-entrant areas 
(undercuts) which are required in larger quantities. 

Certain structural laminates are manufactured by 
procedures similar to those just described, with sev- 
eral important differences: 


1. Shapes are generally flat or slightly contoured al- 
though simple, “open” structures may be thus 
fabricated. 

2. Permanent mandrels with highly polished molding 
surfaces are usually employed. 

3. Complete impregnation of the fabric is usually 
accomplished after the bagging of the fabric lay- 


Fig. oe eae fee i 
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up. Portions of the total amount of resin calcu- 
lated to accomplish the impregnation are poured 
between each ply, the vacuum bag sealed and 
evacuated, and the resin is drawn through the dry 
fabric, flushing the residual air in front of it. 
Thus, aided by the adroit use of squeegee-like 
paddles, a “void-free” laminate is attained. 

4. Curing temperatures of about 250 F, which may 
have been preceded by gelation at room tempera- 
ture, are employed to achieve the required struc- 
tural strength. 


Structural Properties: Plastic laminates have excel- 
lent structural properties, as shown in TABLE 2, Com- 
parison of plastic laminates with structural metals, 
however, reveals the laminate as being a nonhomoge- 
neous, anisotropic material; i.e., the laminated mate- 
rial does not have the same properties at every point, 
and its elastic properties will depend on the direction 
of application of the load. Laminates composed of 
many thin plies regularly arranged may be considered 
homogeneous, however, for purposes of structural 
calculations. 

Since laminates are anisotropic material, any state- 
ment of the physical properties of a laminate must 
also specify the direction of loading during testing. 
One of the systems employed to designate the direc- 
tions in any laminate and its relationship to the 
“grain” of the reinforcing cloth is shown in Fig. 5. In 
conjunction with these designations, the terms “paral- 
lel laminated” and “cross-laminated” are employed to 
designate regular arrangements of the reinforcing 
fabric with all of the warp threads parallel to the 
longitudinal axis, or warp threads of successive plies 
rotated 90 degrees from each other, respectively. 

Design of glass laminates should take cognizance of 
the anisotropic nature of the material and endeavor to 
align all or most of the warp threads with the direc- 
tion of the loading, Fig. 6. This may not be possible 
with all designs, since utilization of the relatively un- 
limited length of warp threads may be advantageous 


Fig. 6—In designing laminated parts, 
Sieh Dd be ligne 
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to eliminate presence of laps, even though greater 
loads might then fall upon the fill threads. In such 
an application a bidirectional cloth (one having equal 
or nearly equal strengths in both the warp and the fill 
threads) should be employed. Unidirectional cloths, 
on the other hand, may be advised when the loading 
is predominantly in one direction. The anisotropic 
nature of glass fabric-reinforced laminates is illus- 
trated in the directional graphs of Fig. 7. The non- 
homogeneous nature of the material should also be 
considered in laminate design, as shown in Fig. 8. 

Choice of the fabric reinforcement has considerable 
bearing upon the properties of the laminate. In addi- 
tion to the directional nature of certain cloths, ply 
thickness and type of weave may determine the suita- 
bility of a given reinforcement for a certain applica- 
tion. In general, for a given thickness of product, 
higher strengths are realized when using the greatest 
number of laminae, i.e., the smallest thickness per 
ply; this is especially true of the compressive strength. 
An important exception is flatwise impact strength, 
which increases with greater thickness of each ply be- 
cause of the greater degree of crimping in the fibers. 
Upon impact, the crimping is straightened out and in 
so doing absorbs the load with a minimum tendency 
to break the fibers. 

Types of weaves of glass fabrics designed for plas- 
tics reinforcing may be broadly classified as shown in 
Fig. 9. Of the three types, the long-shaft satin weaves 
are generally the most satisfactory reinforcements; 
substantially higher strengths may be obtained than 
with square weaves of comparable thickness. Higher 
compressive strengths are realized because the “long 
shaft” acts as a straight column in comparison to the 
already buckled column of the crimped fibers in square 
weaves. Higher tensile stresses may be applied be- 
cause the long-shaft fibers are not abraded against the 
fill threads as readily as those of the highly crimped 
square weaves. These advantages are present to even 
greater degree with the unidirectional fabrics. Impact 
strengths are higher, however, in those laminates re- 
inforced with the square-woven fabrics. 

Economic reasons may also influence the choice of 
reinforcement. Thicker cloths have a lower price per 
pound and require less labor expenditure to achieve a 
given thickness of the laminate. Waste is considered 
to be lower using the long-shaft cloths due to ease in 
removing air pockets which might cause rejection of 
the part. 


Physical Characteristics: In addition to the proper- 
ties tabulated in TABLE 1, certain characteristics 
should be considered in any structural design using 
glass-fabric reinforced laminates. 

ELONGATION: Glass-fiber laminates have a low 
elongation at break of approximately 2 per cent, and 
yield and ultimate strengths are essentially equivalent. 
In view of this low elongation, emphasis must be 
placed on the importance of accurately located rivet 
and bolt holes in order that the load will be distrib- 
uted evenly through each member. If not done, exces- 
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sive stresses around one or more members will precipi- 
tate tearing and consequent failure of the design. 

INTERLAMINAR SHEAR STRENGTH: Structural glass- 
fabric laminates have interlaminar shear strengths of 
from 1100 to 1800 psi. Secondary (adhesive) bond 
shear strengths also fall in this range. These values 
suffer a great decline as loading which tends to cause 
“peel” is introduced; the design must be such to avoid 
or minimize peel or delamination, 

RAIN-EROSION RESISTANCE: Glass-fabric laminates 
employed for exterior use in aircraft may be ruined 
within a few minutes when flying at high speeds 
through rain, since the laminate is literally eroded 
with increasing rapidity after the first penetration of 
the surface is made. Rain erosion may be minimized 
by: 

1. Utilizing structural laminates, which have a mini- 
mum of porosity. The lower porosity of these 
laminates restricts the inroad of erosion up to 25 
times as well as highly porous laminates. 

2. Making the outer ply or plies of the laminate 


Table 4—Flexural Strength of Typical 
Polyester Laminates at High Temperature* 





Ultimate Strength (psi) 
Laminate B 


Temperature 


Laminate A Laminate C 


Room 57,600 50,600 35,900 
250 F 31,600 27,800 26,700 
300 F 35,300T 26,400 22,600 
350 F 24,200 16,500 16,300 
400 F a6ees 19,400T 12,900 
500 F Fail Fail 5,200 








*Data from unpublished Air Development Force tables. All samples 
conditioned for 200 hours at test temperature. Laminates listed should 
not be used at continuous operating temperatures above 350 F. tDis- 
crepancies probably due to aftercuring at test temperature. 


Be 


continuous whenever possible, especially in areas 
which present an angle of impact of 15 degrees 
or more in flight through rain. Frontal areas 
(those flat surfaces having head-on impact) are 
considered to have angles of impact of 90 de- 


grees. 
. Protecting these areas with a rain-erosion pro- 


tective coating, Fig. 10. 


MOISTURE RESISTANCE: Glass fabric-polyester lam- 
inates decline in strength upon exposure to moisture 
especially with respect to flexural and compressive 
strength. Tropical conditions of high humidity and 
high temperatures cause losses of strength equivalent 
to or in excess of the values in TABLE 3, which should 
not be considered as “allowables.” 

TEMPERATURE EFFECTS: Temperature has consider- 
able effect on the properties of glass fabric-polyester 
laminates. Increases of from 5000 to 15,000 psi above 
the strengths as measured at room tempera‘ure are 
noted at temperatures as low as —70 F; conversely 
the physical properties decline with increasing tem- 
peratures as shown in TABLE 4, which again are not 
“allowable” values. 

FATIGUE RESISTANCE: Fatigue tests to date indicate 
that the S-N curves become essentially horizontal at 
about 10,000,000 cycles with up to 60-70 per cent drop 
in strength as compared with the ultimate static 
strength. 


CHEMICAL RESISTANCE: Chemical resistance to vari- 
ous solvents is as follows: 

Water 
Aliphatic hydrocarbons 
Aromatic hydrocarbons 
Mineral oils Excellent 
Vegetable oils Excellent 
Chlorinated solvents Poor 
Dilute acids ... Excellent 
Concentrated acids .. Fair 
Dilute alkalis 
Concentrated alkalis 


Excellent 
Excellent 
Excellent 
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SURFACE ROUGHNESS: Laminates fabricated on plas- 
ter mandrels tend to be somewhat rough (250 to 500 
microinches) on the surface molded against the plas- 
ter while the exterior or bag-side surface has increased 
roughness and considerable irregularity. 

WARPAGE: Glass-fabric laminates may show consid- 
erable warpage; the side walls of boxes, for example, 
tend to bow inward, making the attaching of covers, 
etc., difficult. The tendency to warp of products hav- 
ing two or more different fabrics may be minimized 
by employing “balanced” laminates; i.e., the two 
cloths are symmetric about the central laminate. 


| Cost and Quantities: Glass-fabric reinforced lam- 
inates are relatively expensive. They may “pay their 
own way,” however, if utilized when: 


1. Small quantities (1 to 20, for example) are re- 
quired and form dies, molds, jigs, etc., are not 
available. 

2. Small to moderate quantities of parts with com- 
plex configurations are needed, for which dies 
or welding jigs would be very costly. 

. Mock-up skins and other parts are needed. Econ- 
omies are increased when lower-cost cotton-fabric 
fillers are used. 

4. Fabrication using more conventional materials 
would require extensive fastening of many com- 
ponent parts which could be laminated in one 
piece. 

5. Used as optional materials for mat-molded glass- 
fiber products for small quantities prior to the 
preparation of tools. 

6. Chemical resistance, electrical properties, or light 
Weight are required in conjunction with desirable 
structural properties. 


w 
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The comparisons listed in TABLE 5, based on figures 
prepared at Boeing Airplane Co., show comparative 
costs of various processes based on a lot size of 100 
parts. It should be noted that, with the exception of 
excellent electrical properties combined with desir- 
able structural properties, none of the conditions ad- 
vantageous to laminated products is present. 

If boxlike or hollow, open parts having no undercuts 
or closed sections are required in quantities in excess 
of 15 to 30, mat molding should be considered. 


Design Considerations: In general, there are no 
size limitations for laminated parts; however, eco- 
nomical fabrication and usual size of curing ovens im- 
poses a practical limitation of 100 inches in length of 
single duct-like configurations and about 14 feet in 
length of structural skins. 

Wide ranges of thickness are available, but thick- 
ness is generally chosen as a multiple of 0.007 and 


Fig. 10—Rain-erosion resistant coating is sometimes 
employed, as on the fairing at lower left, and 
metal attaching flanges may be used on ducts 
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Fig. 12 — Adhesive - bonded 
joints for laminated parts 
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Table 5—Comparative Fabrication Costs for 
Junction Boxes* 


























Fabrication Cost Item —————Cost—_—_—_ 
Method 10 100 §=1000 
Deep Drawing (aluminum, Labor and Overhead § 4.09 $ 1.39 $ 1.39 
0.061-inch thick) Toolst *F 50 4.75 0.48 
Material 1.02 1.02 1.02 
Total $52.61 $ 7.16 $ 2.89 
Mat Molding (0.078-inch thick) Labor and Overhead §$ 3.09 $ 2.08 $ 2.08 
Tools 25.20 2.52 0.25 
Material 1.65 1.65 1.65 

Total $29.94 $ 6.25 $ 3.9 
Postforming (0.063-inch thick) Labor and Overhead § 5.27 $ 3.16 $ 2.76 
Tools 18.14 1.81 0.18 
Material 1.57 1.57 1.57 
Total $24.98 $ 6.54 $ 4.51 
Layup (0.051-inch thick) Labor and Overhead $12.32 $ 9.52 $ 9.52 
Tools 11.40 1.14 0.11 
Material 6.75 6.75 6.75 















Total $30.47 $17.41 $16.38 

Layup$ Labor and Overhead $16.05 $12.40 $12.40 
Tools 17.20 1.72 0.17 

Material 6.75 6.75 6.75 

Total $40.00 $20.87 $19.32 





*Lot size is 100 parts, each 12 by 12 by 4 inches. Based on June 
1951, costs. ftForm dies available for most parts. §Not junction box, 
but structural laminated part approximately 144 square inches in area 





0.014-inch, the nominal thickness per laminated ply 
of many glass-fiber fabrics. Laminates should usually 
be thicker than 0.020-inch, with approximately 25 per 
cent additional thickness at flanges and other attach- 
ing areas, especially with ducts, etc. 

DRAFT: At least one degree of draft should be pro- 
vided on all laminates of boxlike or other hollow, open 
configuration. This draft allowance provides ease of 
fabrication of the plaster mandrels, permits use of per- 
manent mandrels if desirable, and facilitates changing 
to other methods of manufacturing such as mat mold- 
ing if larger quantities are required. 

CORNER AND FILLET Rapti: Inside corner and fillet 
radii of 4% to 14-inch or larger should be incorporated. 
Sharp corners and fillets, particularly the latter, re- 
sult in resin-rich areas which are brittle and often 
rough and irregular. 

TOLERANCES: Thickness tolerances are difficult to 
meet in corners and other areas where tailoring and 
lapping of the fabric is required. Overall thickness of 
the part, however, can almost always be held to within 
0.02-inch of the nominal dimension. Length and width 
tolerances should be as large as possible to effect max- 
imum economies. 

HOLES AND OPENINGS: Cutouts may be made by 
drilling, routing, sawing and punching the cured lam- 
inate. Some delamination of the cut edge will result 
with damage penetrating from 1/32 to 4%-inch. Struc- 
tural laminates may be abrasive-sawed with negligible 
edge damage. Drilled holes tend to “close up” and 
should be reamed if accuracy is required. On drilled 
holes, tolerances of +0.003-inch should be allowed. 

METHODS OF FASTENING: Laminated parts may be 
riveted, bolted, or bonded to each other, to wood or to 
phenolic. 

Rivets and Bolts: If rivets are used, a soft mate- 
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Table 6—Related Federal and Military Specifications 





Number Title 





Military Specifications* 


MIL-C-7439 Coating, rain erosion resistant for plastic laminates. 
MIL-G-1140 Glass fiber; yarn, cordage sleeving, cloth and tape. 
MIL-P-406-A Plastics, organic; general specifications, test methods. 


MIL-P-7094-A Plastic parts, aircraft exterior, general requirements 
and test for rain erosion protection of. 


MIL-P-8013 Plastic materials, glass fabric base, low pressure 
laminated, aircraft structural. 

MIL-P-8073 Plastic honeycomb; laminated glass fabric base, 
core material, for aircraft application. 

MIL-R-7575 Resin, low-pressure laminating. 


Air Force Specifications 





USAF 12043 Plastic parts, molded, general specification for in- 
12043-A spection of. 
USAF 12049 Resin, low-pressure laminating. 
USAF 12050 Core material; laminated glass fabric base plastic 
honeycomb. 
USAF 12051 Plastic materials, laminated glass fabric base, low- 
pressure molded. 
USAF 12053 Plastic; molded sandwich construction, honeycomb 
core. 
USAF 40856 Radomes, aircraft. 
Document 
Air Materiel Radome Test Procedure 
Command 
* All U. 8S. Air Force sponsored “—we _ _ 
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rial such as aluminum is employed since harder rivets 
will damage the laminated member. Nonstructural 
laminates or conditions of light loading should be riv- 
eted with 2S-F rivets. Where structural loads are 
present, 2S-F, A17S-T3 or 56S rivets should be em- 
ployed in sizes up to 3/16-inch; rivets harder than 
56S should not be employed. Steel washers should be 
used under the driven head where the head is adjacent 
to a laminated member. In addition to minimizing 
driving damage, natural expansion of the rivet shank, 
resulting in internal crushing of the laminate, is min- 
imized. 

Above 3/16-inch, bolts should be considered. Typi- 
cal blind fasteners are satisfactory. Lockbolts can 
also be used, but should be of 75S-T6 aluminum, in 
which case no washers are required. 

Minimum edge distances for fastener holes should 


LOW-PRESSURE LAMINATES 


be L = 2D + 0.08 where D = hole diameter, inches; 
and L = length from hole centerline to edge of part, 
inches (see Fig. 11). 

A thickness increase is desirable at attachment 
points, since glass fabric-reinforced laminates have 
essentially no ductility, with consequent lack of relief 
at areas of stress concentration. Net area efficiencies 
range from 50 to 75 per cent, as compared with 90 to 
100 per cent for metals. Continuity of outer plies 
(point A in Fig. 11) is also desirable. 

For outdoor applications, butt ends of the lamin- 
ated member (B in Fig. 11) should be sealed with a 
coat of air-drying resin to minimize encroachment of 
the laminate by moisture with resulting decline in 
strength. This procedure is less important if new 
water-repellent finishes are employed on the glass 
fabric. 

ADHESIVE BONDING: Using simple lap-type speci- 
mens of 1 inch width and 0.5-inch lap in laminated 
material of 0.05 to 0.06-inch thickness, ultimate 
stresses of 1000 to 1400 psi may be attained at short- 
time loading rates using polyester resins as adhesives. 
Using newly developed epoxy resins, ultimate stresses 
of 2000 to 3000 psi may be attained under similar 
circumstances. Typical joints are shown in Fig. 12. 
Loading that introduces “peel” cannot efficiently be 
handled with adhesive-bonded joints. 

Adhesive bonding is frequently facilitated and im- 
proved by adding, in the original layup, a “peel ply” — 
an extra ply of glass fabric in the intended faying sur- 
face areas. This is peeled immediately prior to bond- 
ing, presenting a uniformly roughened surface, free of 
contamination. Use of a peel ply also eliminates the 
extra labor of sanding. 

STIFFENERS: Integral reinforcements, such as flang- 
es, beads and ribs, may be incorporated in the com- 
ponent during layup merely by modification of the 
plaster mandrel, Fig. 13a. 

Beads should be used to break up large, flat areas. 
If a molded-in bead is used as in Fig. 13a, it must be 
formed on the mandrel. Filler material for a solid 


Fig. 14—Test section of a trailing-edge antenna, with structural-grade, 
low-pressure laminate skins and molded laminated bathtub stiffeners 
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bead, Fig. 13b, may be additional plies, a cut piece of 
cured laminate or wood. However, unless a low- 
density core is used, such as cellular cellulose acetate, 
or balsa wood, weight increase may be excessive. One 
of the advantages of this reinforcement is that no 
change in the mandrel mold is needed to change de- 
signs, since the filler is added at layup. 

A “molded-in” bead with cover plate, Fig. 13c, is of- 
ten used where a smooth interior surface is needed, 
for instance, to diminish pressure drop in ducts. The 
bathtub stiffener or hat stiffener, usually with closed 
ends, Fig. 13d accomplishes the same purpose, and 
can also be used on commercially produced thin, flat 
panels for reinforcement, Fig. 14. 

If a strong, lightweight panel is needed, the honey- 
comb-core sandwich structure of Fig. 13e might be 
considered. In this type of construction, typical of 
radomes, the honeycomb core is usually bonded to 
laminate-construction edges which serve as attach- 
ment members to other parts of the assembly. Sand- 
wich structures are, however, usually more expensive 
than monolithic or bonded structures. 

In H or I-beam sections, a certain degree of flexi- 
bility is available to the designer in specifying the di- 
rection of lamination. Thus, if the beam is used as a 
compression member, Fig. 13f, the warp fibers in the 
web and flanges can be aligned longitudinally. If the 
beam acts as a shear member, however, the plies of 
fabric constituting the web can be aligned at 45 de- 
grees to the longitudinal axis to achieve maximum 
shear stress. In order to fill the natural void at the 
junction of the two interior radii, Fig. 13g, a tri- 
angular-section filler strip is usually used. 
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LOW-PRESSURE LAMINATES 


Stiffeners applicable to duct ends where attachment 
to flexible ducts is made include modifications of those 
outlined earlier, namely, a molded-in bead or a filled 
bead, Fig. 13h andi. The filler in the latter type may 
be cord, soft wire, etc., laminated in place. 

Metal reinforcements and inserts are not very wide- 
ly used as yet because, in many cases, of poor ad- 
hesion of the laminate to the metal. Scrupulous clean- 
liness must be observed and the metal surfaces suit- 
ably roughened; very little work has been done with 
primers in this respect. Copper, if employed, should 
be silver plated to avoid possible inhibition of the 
polyester resin. 

A metal flanged end may be empioyed, Fig. 15a, with 
or without a rivet. Ducts may also use this type of 
design or may have beaded ends as in Fig. 131. Other 
metal inserts may be a metal strip or rod, Fig. 15b, if 
an edge attachment strip is needed, or flat sheets lam- 
inated in place, Fig. 15c, as used for integral antennas. 


Applicable Military Specifications: A number of ap- 
plicable military specifications and documents are 
listed in TABLE 6. Of these, USAF Specifications 
12053 and Military Specification MIL-P-8013 are of 
primary interest to designers. 
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They Say... 


“The most important [method of increasing indus- 
trial productivity], in my opinion, is that of effecting 
complete co-ordination of product development with 
development of production facilities and tools to man- 
ufacture the product.”—F. R. BENEDICT, assistant en- 
gineering manager, industrial products divisions, West- 
inghouse Electric Corp. 


“There is a definite place for women engineers in 
industry. .. With far too few engineers being trained 
today in our technical schools and colleges, engineers. 
even more than any other group of people, have a re- 
sponsibility to encourage and even recruit young 
people to take up engineering careers. In carrying out 
this responsibility, engineers should not overlook the 
potential engineering talent possessed by many young 
women.”—WILLIAM V. KAHLER, president, Illinois Bell 
Telephone Co. 


“. .. if atomic energy is ever to be made importantly 
useful in peacetime applications, we must depend to a 
large measure in the coming years on a tri-partite 
team. Industry, educational institutions, and govern- 
ment must each take an effective part in this develop- 
ment. This team must be strong as individuals and 
particularly strong as a team if we are to be success- 
ful.”—T. KEITH GLENNAN, former commissioner, Unit- 
ed States Atomic Energy Commission. 
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Projecting Data 


. - « by algebraic and 
graphical techniques 
yields valid results and 
cuts engineering costs 


By Edward C. Varnum 
Head, Operations Research 


Barber-Colman Co. 
Rockford, Ill. 


is a direct route to reduced engineering costs 

and improved design. Often the means toward 
such ends are extremely simple, and the results more 
valid than for other more complex analytical proced- 
ures. How existing data can be projected by both 
algebraic and graphical methods to obtain desired 
new data is summarized in this article. 

In calculations involving motions of mechanisms or 
data derived from physical tests, attention usually can 
be concentrated on only two variables, even though 
more than two may be involved in the total problem. 
One of these variables can be thought of as varying 
independently, while the second is dependent on the 
first. Basic calculations or test results thus provide 
parallel lists of values of these variables. The ques- 
tion then arises: what would have happened if the 
independent variable had been different from any of 
the variables in the list? 

If the value in question is exceeded by some of the 
listed values and if it exceeds some of the other known 
values, then “inside projection” or interpolation of the 
data is required. On the other hand, if the value ex- 
ceeds all the known values or if it is exceeded by all 
of the known values, “outside projection” or extra- 
polation of the data is called for. 


Qc 2 airect 10 most benefit from available data 


Linear Interpolation: Of the two methods of pro- 
jecting data, the one which seems the safer is interpo- 
lation. The simplest type of inside projection, of 
course, is linear interpolation, so called because a 
straight line is assumed to join two known data points 
and the desired data are assumed to lie on this same 
line, 

Linear interpolation is a common everyday opera- 
tion, of course, being used with tables of logs, trigo- 
nometric functions, etc. A simple example is 


Independent Variable Dependent Variable 


713 528 
700 # 
629 372 
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Fig. 1 — Semilogarithmic paper gives a 
straight line for data conforming to exponen- 
tial equations of the form in Equations 6 and 7 















The customary solution is 





700-629 x-— 372 
713 —629 528 — 372 
156(71) 
2 = ———— + 372 = 503.9 
84 


The simplicity of this direct method makes it useful 
in instances which occur infrequently. For mass pro- 
duction of such linear interpolations, however, there 
is a method which is more convenient for use with 
calculating machines: 


(713 — 700) (372) + (700 — 629) (528) 
(713 — 700) + (700 — 629) 
13(372) + 71(528) 
13 + 71 





z= 


= 503.9 





The multiplications, additions and division are per- 
formed easily by machine calculation. If the 13 and 
71 are used as multipliers and they are not cleared be- 
tween the two multiplications, their sum will appear 
in the multiplier window of the calculator. Also, there 
is a “cross-ruffing” with the 13 being multiplied by the 
372 and the 71 by the 528. Although it is necessary 
to perform two subtractions, it often happens that 
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Fig. 2—When both axes are lo arithmic, 


exponential curves of the type defined by 
Equations 8 and 9 are straight lines 
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these subtractions are easy to do mentally, because 
the independent variable is frequently a simple 
number. 


Linear Extrapolation: For use in isolated examples, 
the conventional direct method for extrapolation is 
quite simple. Data might be 


Independent Variable Dependent Variable 
376 


216 
389 : 239 
400 x 


The ordinary solution is 





400-376 «216 
389 — 376 239 — 216 
24 (23) 
oa ae + 216 = 258.5 


As with interpolation, there is a machine method of 
extrapolation which is much better when a desk cal- 
culator is available: 

(400 — 376) (239) — (400 — 389) (216) 
(400 — 376) — (400 — 389) 
24(239) — 11(216) 


24-11 








Quadratic Interpolation: Linear methods are gen- 
erally adequate only when the increments are small or 
the relationship is known to be linear or nearly so. 
When the increments are greater or the curvature is 
suspected to be significant, other methods which ac- 
commodate “curvature” of the data are best employed. 
Perhaps the most simple technique is known as quad- 
ratic interpolation. 

The most general approach to quadratic interpola- 
tion is to assume a quadratic function relating the two 
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Fig. 3—When the x-axis is ruled recipro- 
cally, data such as speed times torque 
for horsepower plots as a straight line 
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variables in question. The quadratic function will 
have three undetermined constants which can be found 
by placing three pairs of variable values into the func- 
tion and solving the resulting three linear equations 
for the three constants: 


y = az? + be +e (1) 


Substituting three pairs of known values of x and y 
into Equation 1 gives the following equations: 


Y, = ax,2 + ba, + 
Yo = GX%q* + bao + 
Y3 = ax3? + bag +c 


Then a, b and c are determined by simultaneous solu- 
tion of these equations. The value of y for any de- 
sired value of x can be found by use of Equation 1. 
This method can be used for other functions besides 
the quadratic function. That is, there can be em- 
ployed a function with » constants. Then, n pairs 
of known values can be used to obtain n equations in 
n unknowns, and the constants in the function can be 
evaluated. 

If this general method of interpolation is extended, 
it becomes numerically involved unless there are some 
further restrictions on the variables. One such sim- 
plifying restriction is that the independent variables 
be evenly spaced; that is, 2, is the average of x, and 
23, etc. With this condition the calculations reduce 
to the following simplified result: 


y = (05p2 — 15p + 1) yw, + (2p — p*) ye - 
(0.5p — 0.5 p?) ys (2) 


where p is the fraction of the difference from x, to x, 
which is taken up by the difference between x and 2, 
or, more precisely, 

wz— X 


te. See (3) 
®o— 2 


For the value p = % (that is, x being the average 
of x, and 2) Equation 2 becomes 


Fig. 4—Probability paper, having the x- 
axis ruled according to the accumulated 
frequency of the normal probability curve, 
is useful for normality determinations 
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PROJECTING DATA 


y = 0.375 y, + 0.75 y2 — 0.125 ys, .... (4) 


Values of the three parentheses in Equation 2 have 
been calculated for various values of p and are known 
as three-point La Grange interpolation coefficients’ 
because three pairs of values of the variables are re- 
quired for the interpolation. Tables of values for 
four-point and five-point interpolation have also been 
calculated. These tables are based on assumed cubic 
and fourth-degree functions, respectively, as well as 
on the equal spacing of the known values of the in- 
dependent variables. 

For five-point interpolation the necessary formulas 
are: 


Y = A2r¥-2 + ArY-1 + AoYo t Al¥i + Ae (5) 


where Y¥_», Y_1, Yo, ¥1 and yy are successive values of 
the dependent variable corresponding to equispaced 
values of the independent variable and the coefficients 
are given by 


_ p(l— p*)(2— p) 
~ oe 

















24 
~— O65 = (4 — p*) 
4,= Pp Pp) Pp 
6 
(i — #*) 4 — p*) 
4 
(1 + p) (4 — p*) 
A, = Pp Pp Pp 
6 
— p(1 — p*) (p + 2) 
A, = PP +2 
24 
where 
zr — XH 
p = ————— 
2% — Lo 


Graphical Interpolation and Extrapolation: The pre- 
ceding numerical methods of projection of data be- 
come lengthy and unnecessarily tedious if the accuracy 
required does not warrant their use. For less accur- 
ate results, graphical methods may be employed in an 
obvious manner. That is, one can plot the known data 
as points on graph paper, draw a curve through these 
points and read off the desired dependent variables 
corresponding to the given dependent variable. 

But the nature of the graph paper can be a quite 
important factor. If the data appear to be linear 
or if accuracy is of little concern, conventional paper 
with equispaced co-ordinate increments for both axes 
is satisfactory. But often, when the data would plot 
as a curve on rectangular co-ordinate paper, accuracy 
between known points may be sacrificed. Also, an 
equation that fits the data often may be desired. 
Curves are most easily identified and fitted with equa- 
tions if they can be validly reproduced as straight 
lines by distortion of the co-ordinate requirements. 
Special nonrectangular graph paper may be the means 
to an effective solution. 


1 References are tabulated at end of article. 





125 








SEMILOGARITHMIC PAPER: With one axis (y) ruled 
logarithmically the basic equation for a straight line 
becomes 


log y = mx + b (6) 
or, 


y cem ; (7) 


An example of application of Equation 7 is in radio- 
active decay in which m is negative, x = time, y = 
amount of radioactive material corresponding to time 
x, and c = amount of material at time x = 0. If the 
amount of material is known for two different times, 
the amount at any desired time can be found by draw- 
ing a straight line between the plotted points for the 
known data and reading off the value of y correspond- 
ing to the desired time x. As illustrated in Fig. 1, as- 
sume that 20 units of a radioactive substance are on 
hand 2 weeks after purchase, while it is found that 
only 6 units remain after 9 weeks. Plotting points 
A and B and joining them by a line show that 10 units 
existed after 6 weeks as indicated by point C. Extra- 
polation is also possible; at point D, 4.2 units will be 
on hand after 11 weeks. 

For any two variables related as shown in Equations 
6 and 7, semilogarithmic graph paper is ideal for 
graphical interpolation or extrapolation. The process 
illustrated can often be advantageously reversed. 
That is, data are plotted on semilogarithmic paper, a 
straight line is established and the underlying equa- 
tion relating the variables is then written. 

LOGARITHMIC PAPER: With both axes ruled logar- 
ithmically, the basic equation of a straight line be- 
comes 


log y m log x + b (8) 


which can be written in exponential form as 
y cam putea (9) 


A well-known illustration of Equation 9 is given in 
Fig. 2 where y = area of a circle, x = radius of the 
circle, m = 2, and ec = w = 3.1416. The line may be 
plotted from any two points such as point A for x = 2, 
y = 12.5664 and point B for x = 4, y = 50.2656. In- 
side or outside projection of the data may be used to 
find the area corresponding to other radii. The value 
of m may be set at 3 to plot the volume of a sphere as 
a function of its radius, which will also be a straight 
line but with a steeper slope. 

For any of the large group of functions expressible 
in Equation 8 or 9, logarithmic paper is convenient 
for graphical interpolation or extrapolation. As with 
the previous type of graph paper, the underlying equa- 
tion may not be known but a plot of the data at hand 
may produce a reasonably straight line from which 
an underlying equation can be written. The obvious 
method of obtaining the equation of an empirical line 
is to choose two clear points and substitute their nu- 
merical values into Equation 8. Solving the resulting 
linear equations for m and b yields the constants in 
the formula. 

RECIPROCAL PAPER: With the x-axis ruled recipro- 
cally, the basic general equation can be written 
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m 
y= ot Ae ree 2 <.. ae 
x 


For b = 0, the general equation becomes 


zy =m (11) 
which is recognized as applicable to the pressure- 
volume equation or to the speed-torque expression for 
horsepower, to mention only two instances in which 
two variables are multiplied together. If two vari- 
ables are related by Equation 10, interpolation or ex- 
trapolation may be performed as illustrated by line 
AB in Fig. 3 which is plotted from the known values 
of « = 2, y = 50 for point A and 2 = 3, y 
= 70 for point B. The value of y corresponding to 
any desired value of x can be read directly from the 
line. Substituting the values for points A and B into 
Equation 10 yields m = 120, b = 110. The value of b 
can always be read directly from the left-hand y- 
scale. All graphs of Equation 11, where m is constant 
for each line, will pass through point C with x = o, 
y = 0. The value of m for any such line passing 
through C can be found simply by multiplying the x 
and y values for any point of the line. For line DE 
shown in Fig. 3, the value of m is 200. 

Frequently, the basic underlying equation relating 
variables of a problem is not known and there are 
more than two plot points given. In a search for a 
reasonable relationship between variables, they can be 
plotted on reciprocal paper to test the validity of the 
underlying law expressed by Equation 10. If a 
straight line results from several points, this line may 
then be used for graphical interpolation or extrapola- 


Fig. 5—Square-root graph paper plots straight 
lines for some data that do not trans- 


form readily for plotting on logarithmic paper 
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tion under the assumption that the law continues to 
hold over the range in question. 

PROBABILITY PAPER: Another illustration on non- 
linear rulings is found in the field of statistics where 
the notion of the normal probability curve plays an 
important role. The x-axis in Fig. 4 is ruled according 
to the accumulated frequency of the normal probabil- 
ity curve in which 50 per cent of the values are 40 or 
less (point A) while 10 per cent of the values are 30 
or below (point B). Line AB may be extrapolated to 
point C, indicating that 95 per cent of the distribution 
will be 52.8 or less. A plot of accumulated frequency 
distributions on probability paper shows the proximity 
of the data to a normal distribution. When this type 
of paper is used for normality tests, the extreme high 
and low percentage values must not be considered as 
seriously as the midvalues. 

SQUARE-ROOT GRAPH PAPER: Occasionally one en- 
counters situations in which the variables involved 
can be approximated by the equation 

Vy=mvatob.... .. (12) 
If the constant b were not present, the values of x and 
y would plot as a straight line on logarithmic paper 
because the equation would become, after taking log- 
arithms and multiplying by 2 


log y = 2log m+ logz......... —: 


However, the presence of the b term in Equation 12 
hinders its transformation into a convenient loga- 
rithmic form and necessitates a special graph paper. 
The required paper is prepared by drawing lines at 
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Fig. 6—Chi-square distribution plotted on 
square-root paper, resulting in a family of 
lines that are nearly straight and parallel 
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PROJECTING DATA 


distances proportional to the square roots of the in- 
tegers, as shown in Fig. 5. 

A specific numerical example arises in connection 
with the Chi-square tests? in which the distribution 
of \/2X? is approximately a normal distribution with 
a mean of \/2n — 1 and a unit standard deviation. 
At the 5 per cent level of significance, the deviation 


of \/2X2 from \/2n — 1 is 1.645 standard deviations, 
so that 





V¥ 2X2 = vV2n — 1 + 1.645 (14) 
Dividing both sides of this equation by the square 
root of 2 gives 


Vv X2 = Vn—05 + 1.163 (15) 

Equation 15 is an example of the general Equation 
12 with y = X2,m = 1,2 = nm — 0.5, b = 1.163 so 
that the relationship between X? at the per cent level 
and a number which is 0.5 less than the degrees of 
freedom in the test will plot as a straight line on 
square-root paper, providing the degrees of freedom 
exceed a sufficient value, usually taken as 30. The 
line corresponding to Equation 15 is plotted in Fig. 5. 

Inasmuch as the normality of the Chi-square distri- 
bution is only an approximation, especially for the 
small values of n, the approximation was carried still 
further by neglecting the 0.5 in the relation between n 
and x, and the values of X? at the 0.001, 0.01, 0.05, 
0.20, 0.50, 0.80, 0.95 and 0.99 levels were plotted on 
square-root paper as shown in Fig. 6 with degrees of 
freedom as x and Chi-square as y. The result was a 
set of eight lines which were both straight and paral- 
lel for practical purposes. 


Tailored Scales: Although all types of graph paper 
mentioned may not be obtainable in every engineering 
department file, they are available in quantity from 
most suppliers. These examples do not exhaust the 
types of printed graph papers prepared for in-plant 
use. 

After this demonstration that various physical prob- 
lems and statistical functions can be graphed as 
straight lines by an analysis of the underlying aqua- 
tions, one might wonder whether similar results can 
be obtained without knowing the basic equations or 
without trying all the available kinds of graph paper. 
This question is answered in a very clear manner in 
a recent article* which describes how to construct dis- 
torted scales. After all, the five kinds of graph paper 
described in this article are merely combinations of 
distorted scales whose purpose is to make the data 
plot as a straight line so that graphical linear inter- 
polation can be used. 
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ERSPECTIVE is easy! Engineers and ‘drafts- 
P men can, with no previous experience, produce 

creditable oblique (three-point) perspective 
drawings from unscalable sketches with only a few 
hours study and practice. Wading through the myriad 
exercises usually thought essential to attain the level 
of angular (two-point) measuring-point perspective 
is not necessary. And two-point perspective, usually 
employed in the architectural field, can be replaced 
by three-point perspective which is more adequate 
for engineering, since objects to be drawn are often 
complex and contain many curves. 

Constructions outlined in this article may not have 
to be used frequently, but must be understood thor- 
oughly to make intelligent use of the many aids and 
devices now available to the engineering draftsman or 
engineering artist. These constructions are simple, 
fundamental operations. Many textbooks contain in- 
numerable “tricks of the trade,” which the expert 
must employ to attain a high degree of efficiency but 
which are not really necessary to understand basic 
concepts of pictorial drawing. 

Pictorial projection in genera] is presented in many 
different ways, and textbooks list a large number of 
minutely different forms. A forthcoming American 
Standard on Drafting Room Practice lists only three 
—oblique, axonometric, and perspective. In this ar- 
ticle, the classification has been reduced still further. 
The first general group—oblique—is relatively simple 
and is adequately presented in many textbooks. The 
remaining classification includes all axonometric (iso- 
metric, dimetric, trimetric) projections and all per- 
spective projections. 


Axonometric Projections: In axonometric or per- 
spective projections, the object to be presented is 
usually arranged with its principal features (axes, 
faces, etc.) parallel and perpendicular to a set of three 
mutually perpendicular reference planes, as is done 
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multiview drawing. A 





fourth \plane,\ the re plane,-is then added. In 
general pi plane~is inclined-to all three of 
the perpéndieular refefence planes (or axes). The 


orthographic projection of the object on this-inclined 
picture plane is a true axonometric projection>_A 
“central projection” of the object on this piane is 2 
perspective. The definition of central projection as 
used in this article is simple: The projection of an 
object on a plane by means of projectors (rays) which 
intersect at a real point. 

Thus the only difference between any axonometric 


Fig. 1 — Conventi three- 
view drawing of a block with 
arbitrarily chosen x and y axes 
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Pictorial drawing is rapidly gaining ground as one of 
the simplest, easiest to understand methods of pre- 
senting engineering and manufacturing information. 
In this article, a complete picture of the fundamental 
methods used in axonometric and perspective draw- 
ings is presented—and the basic simplicity of con- 
struction and theory is clearly demonstrated. 


projection and any perspective projection is simply 
whesther or not the rays intersect at a real point or at 
an ideal point infinitely removed from the picture 
plane. The process employed in producing such draw- 
ings can also be quite similar, as will be shown later. 

Only the fundamentals of exact axonometric pro- 


shown in Fig. 1, with the #2 and y axes arbitrarily 
chosen. The pictorial (axonometric) view of these 
projections on their respective planes, prior to their 
revolution into coincidence with the frontal plane, is 
shown in Fig. 2. The block itself is shown in position 
in Fig. 3. None of the lines of the block are directly 


scalable in either of these figures, whereas ir Fig. 1 
all lines were either scalable or shown as points. 
Triangle A-B-C is drawn with sides perpendicular 
to the respective axes. Since the 2, y, and 2 axes 
showr here represent three mutually perpendicular 
lines, triangle A-B-C is normal to the line of sight, 


jection will be presented as applied to a simple rec- 
tangular block. Comprehensive coverage and many 
refinements of the method are available, however, for 
those interested in the details.' 

A conventional multiview drawing of the block is 





1 References are tabulated at end of article. 





Fig. 3—Right—Block in 
_ Fig. 2—Axonometric view position with oy ed 
’ of” the three projections picture plane on ~ 
_ on their respective planes zontal, yee pl and pro- 
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since the three sides are each perpendicular to one of 
the axes. To those who are familiar with the trace 
representation of planes, the sides of this triangle 
represent simply the H, F, and P traces of the picture 
plane. Some prefer to visualize it as merely a corner 
cut from a rectangular block. 

Since the three sides of triangle A-B-C are norinal 
ta the line of sight, any line or plane perpendicular to 
one of them will appear as a line perpendicular to 
that side. Thus a line from point 3 in space to 3” 
perpendicular to the profile (y-z) plane and parallel 
to the x-axis is perpendicular to side B-C. The plane 
containing 3-3" and perpendicular to B-C will appear 
as the same line in Fig. 3. Likewise, the plane con- 
taining 3-3” and perpendicular to A-B appears as the 
straight line 3-3”, and the plane containing 3-3” and 
perpendicular to A-C appears similarly. 

These three planes, being perpendicular to A-B-C 
and containing point 3 in space, will intersect in a line 
through point 3 which is perpendicular to the picture 
plane. The intersection of this line and picture plane 
A-B-C is the orthographic projection of point 3. Since 
Fig. 3 is a view normal to the picture plane, point 3 
in space and its orthographic projection appear at the 
same point. The same logic holds for other points. 

The fact has been established that points on the ob- 
ject and their principal projections along with their 
projections on the picture plane always lie in a plane 
perpendicular to the corresponding trace of the pic- 
ture plane, for example, point 3, 3”, and the projection 
on the picture plane. If the picture plane A-B-C is 


held fixed and the H plane (horizontal plane) is re- 
volved around trace A-B as an axis, 3” has as its path 
the arc of a circle. The center of this circle lies on 
A-B, and the circle lies in the previously described 
plane, perpendicular to A-B. Likewise the revolved 
projections of all other points still lie in the same 
perpendicular piane in which they were located before 
revolution. 

If the H plane is revolved into coincidence with the 
picture plane, the right angle appears in true size as 
shown by A-D’-B in Fig. 4. Since the sides of the 
parallelogram in the original position were parallel to 
the x and z axes, the revolved positions are likewise 
parallel to A-D’-B. Thus the revolved view becomes 
a scalable rectangular view and is exactly the same 
as the top view in Fig. 1. 

Similarly, the F and P planes (frontal and profile 
planes) can be revolved, Fig. 5. Since the perpen- 
dicular relation of the points and picture-plane traces 
is constant, the original pictorial projections of the 
block may be omitted. 

In Fig. 6 only the revolved projections are shown. 
Lines drawn from points on these views, perpendicular 
to the corresponding picture-plane traces, represent 
the edge views of plane loci of the projections of the 
respective points. Thus the intersection of the three 
perpendiculars from the revolved views of any point 
represents the orthographic projection of that point. 
An axonometric drawing could be made by using 
these intersections to find principal points of the 
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Constructing an Axonometric Projection: To con- 
struct an axonometric projection a set of axes may 
be drawn in any position as long as none of them ap- 
pear perpendicular. If all three axes were inclined 
equally to the picture plane, the resulting projection 
would be isometric, and the angles between any ad- 
jacent pair of axes would appear as 120 degrees. The 
resultant picture plane in this case is represented by 
an equilateral triangle. If only two axes are inclined 
equally, a dimetric projection results, and an isosceles 
triangle represents the picture plane. When all three 
axes are inclined unequally the resultant projection is 
trimetric, and the triangle scalene. 

The three axes in Fig. 7 have been drawn at ran- 
dom, all unequally inclined. The picture plane is es- 
tablished by drawing A-B perpendicular to the y axis, 
and A-C and B-C respectively perpendicular to the z 
and x axes. By bisecting A-B and describing a semi- 
circle with diameter A-B, the revolved position of the 
top view of the axes may be located. In the same 
manner, by bisecting A-C and B-C, the revolved posi- 
tions of the front and profile views of the axes are 
found by similar construction. All three of these are 
combined in Fig. 8 and are used to orient the views 
and the projections to produce the trimetric projec- 
tion of the bracket. Note that the principal lines in 
each view of the bracket are placed parallel to the 
corresponding revolved position of that view of the 
axes. Any two of these views may be located at 
random but care must be exercised in locating the 
third view. Projections from all three views of one 
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accurately located point on the bracket, perpendicular 
to the corresponding picture plane trace, must meet 
at a point. When this condition is satisfied, as shown 
by point K, the projection may be completed rather 
mechanically by simply drawing lines from correspond- 
ing points on any two of the views perpendicular to 
the proper trace. Note that points M, N and RF have 
been located by different combinations. 


Perspective Projection: A general definition of per- 
spective projection is usually stated very simply as: 


“The projection of an object upon a plane surface 
by means of rays, or projectors, which converge at 
a point not in the plane. 


In keeping with the methods usually employed in 
solving three-dimensional graphical problems, and 
also the name “central projection” which is frequently 
applied to it, a more precise definition may be for- 
mulated: 


In any system of drawing using three mutually 
perpendicular reference planes, perspective projec- 
tion is the projection upon a plane which does not 
pass through the origin by means of projectors (or 
rays) which do pass through the origin.” 


This may appear to contradict other more general 
statements, but is actually in complete agreement. 
For any properly drawn perspective, however con- 








structed, a set of reference planes can be set up such coverage of axonometric projection. 


that the point of sight is at the origin and the prin- The transition from exact orthographic axonometric 
cipal vanishing points will be on the axes common to projection to perspective projection requires only two 
those planes. additional qualifications: 

One advantage of this definition is that the entire 1. That the views (two or three) on the principal 
subject can be reduced to a simple problem in de- planes, which are used to produce the perspective, 
scriptive geometry, and the fundamental operations must remain in their respective position relative 
more easily understood, since the basic construction to the principal axes after revolution. A simple 
employed is essentially the same as in the preceding method of controlling this position is to place a 








1. Establish Axes: Three axes, x 
y and z, are drawn, establishing three 
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3. Revolve a Reference Plane: A 








reference planes. If angles between 2. Locate the Picture Plane: Traces : . 
axes are equal (120 degrees), the of the picture plane on the reference reference plane is revolved into the 
projection is isometric. If two axes planes are drawn perpendicular to picture plane. The trace, V,-V, for 
are inclined equally, the projection is the corresponding axes. This step may example, is bisected and a circle of 
dimetric; and if all are inclined un- be transposed with the first step. radius Ve-V:/2 is constructed to in- 
equally, trimetric. . tersect the y axis. 
Parallel to / 
\y = Vz ¥ Sw-V -¥ 
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"I 5. Orient Views and Projection: Axes for the projection 
V are located parallel to corresponding axes in the construc- 
7 tion. The three views are then located with principal lines 
parallel to corresponding revolved positions of the three ref- 
4. Revolve Other Reference Planes: erence planes. Lines from points on any two of the views 
Similarly, the other two planes are parallel to the axes locate corresponding points on the pro- 
revolved. jection. 
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prominent point of the object in the picture plane, 
and on the normal from the origin to the plane. 

2. That all rays (projectors, lines of sight, etc.) 
shall converge at the origin (intersection of the 
principal axes). 


means of labeling these points will become apparent 
later when it is shown that these are the “vanishing 
points” for all lines parallel to those axes. 


In the illustrations that follow, the picture plane is 
represented by the triangle formed by its plane traces 
and is identified only by V,, V,, and V, at the respec- 
tive x, y, and 2 axis intersections. The reason for this 


Basic Geometry of Perspective: The location of 
point 0 in the picture plane is illustrated in Figs. 9 
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1. Establish Axes, Picture Plane and 
Revolved Positions: Follow steps 1 
through 4 given under Axonometric 


2. Locate a Measuring Point and 
Line: Measuring point MP, for the 


Similar measuring points and lines 
ere established for the other axes. 
Location of y measuring point and 


Drawings. Several methods for han- x axis is established by swinging an 

7 dling vanishing points located out- are of V,-S, lor V,-S,,) radius to the line usually depends on proportions of 
side drawing board edges are given V,-V, line. A measuring line is the layout. Measuring lines are 
in the text under Practical Application. drawn from point S$ parallel to the scaled off. 





section of the line extending 
from a@ measuring point to the 
scaled value with a line through 
the vanishing point. 








4. Draw Projection: Con- 
necting principal points just 
found establishes the per- 
spective drawing. 








y MB, MP, y corresponding picture-plane trace. 
es 5 a ss g 
\ ie , -- en. Sa 
\ tte," ee. — > 
~ 
a ' “y | 
\ 
\ Hi | 
\ \ ij / | 
\ j if } 
\ / 5. One and Two-Point Perspective: If the pic- 
i =| ture plane is located parallel to one axis, o 
i / two-point or angular perspective (shown) re- 
sults. For convenience, point S$, and x and y 
Vi / measuring lines, should be placed below the 
af / horizontal picture-plane trace. True-scale meas- 
3. Measure Principal Points: urements are laid off along the y axis, and 
Principal points on the projec- Wy vertical lines are all drawn parallel to this 
tion are located on the inter- axis. If the picture plane is located parallel to 


two axes, a one-point or parallel perspective 
results. Similarly, the line of sight from $ 
should again be oblique in order to utilize the 
measuring-point system. 
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and 10. A plane containing S (the origin), perpen- 
dicular to the picture plane and parallel to V,-V,, in- 
tersects the picture plane along line A-A’ which is also 
parallel to V,-V,. The H projection of this line a”’-a” 
and a line through S perpendicular to V,-V, intersect 
to locate the projected position of 0 (0”). By the 
same process 0” and 0” may be found. 

In the pictorial drawing of Fig. 10 an oblique pic- 
ture plane is represented by its plane traces. The pro- 
jections of a rectangular block are also shown. This 
block has one of its corners 0 in the picture plane, on 
the normal from the origin. All of the edges of this 
block are parallel to one or another of the axes. 

Since edge 1-2 is parallel to the z axis a plane may 
be set up to contain both lines. This plane is shown 
more clearly in Fig. 11, which is a “side” view of 
Fig. 10, by S-V,-M. Rays from points 1 and 2, passing 
through the point of sight S, lie in this plane. Both 
rays intersect V,-M which is the intersection of S-V,-M 
and the picture plane. Likewise edge 1-4 is parallel to 
the y axis, and the vertical plane S-V,-K can be set 
up to contain both. V,-M and V,-K represent the lines 
of intersection of these planes and the picture plane. 
They intersect at the point P which also lies on line 
1-8 and is the perspective projection of point 1. An- 
other vertical plane may be set up to contain point 2 
and the y axis. This plane will cut another line from 
the picture plane, and its intersection with V,-M will 
locate the perspective projection of point 2. Other 
combinations of either one of these two planes and a 


similar plane containing the x axis may be used 
equally well by applying the same logic. Fig. 12 


shows the layout of the first two planes in a conven- 
tional multiview arrangement and a study of this 
layout may help to clarify the principles. 


Perspective Construction Theory: In Fig. 13 the re- 
volved positions of the axes have been found in the 
same manner as outlined for Figs. 4 and 5. Since all 
rays converge at the origin, it has been marked S 
(point of sight) and the three revolved positions s”, 
s” and s’. Note that these are revolved positions, but 
additional notation has been omitted for clarity. In 
order to locate the revolved positions of 0” in this fig- 
ure the line 0-A is drawn in the picture plane parallel 
to V,-V,. This is the line cut from the picture plane 
by a plane through S, perpendicular to the picture 
plane and parallel to V,-V,, as shown in Figs. 9 and 
10. Locate a” on the revolved position of the z axis, 
and the corresponding revolved position of 0”. Here 


- again the revolved positions are shown without being 


especially marked as such. The prerevolved projec- 
tions which are the same as in Fig. 10 are marked as 
a”’ and 0”’. Note that A-a” is perpendicular to V,-V,, 
and that a”-0" is parallel to it. Draw 0-B and b’-0" 
parallel to V,-V,, and likewise draw 0-C and c’-0” 
parallel to V,-V,, thus locating all three revolved pro- 
jections of point 0. : 

Using the three projections thus found, the three 
views of a rectangular block having edges parallel to 






























the x, y and 2 axes are shown in their revolved posi- 
tions in Fig. 14. This is the same as for any exact 
axonometric construction except that one corner of 
the block is placed at point 0 in the picture plane. The 
perspective projection of point 0 will coincide with 8S 
on the drawing, since point 0 is the foot of the normal 
from S to the picture plane. 

To find the perspective projection on the picture 
plane of point 1 on this block draw s’-1" and extend 
it to locate point M on V,-V,. Also draw s"-1" and 
extend to locate point K on V,-V,. The line s”-1"-M 
represents the edge view of a plane perpendicular to 
the frontal plane, therefore containing the z axis. 
This plane is a locus of the perspective projection of 
point 1. The intersection of this plane and the picture 
plane produces line V,-M which is a line locus of the 
projection. Likewise s”-1"-K is the edge view of a 
vertical plane containing the y axis, point 1, and the 
perspective projection of point 1. The intersection of 
this plane and the picture plane, line V,-K, is another 
line locus. These two loci intersect, determining the 
perspective projection of point 1. A third plane 
through S, V,, and point 1, perpendicular to the profile, 
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would likewise intersect the picture plane in a line 
passing through the same point. 

By the same process, the projections of other points 
of the object on the picture plane may be found. In 
actual practice the construction amounts to a “scan- 
ning process.” A series of planes containing an axis, 
each one passing through one or more significant 
points, is constructed; a second series of planes pass- 
ing through the same points but containing a different 
axis then determines the perspective of the points. 


Vanishing Points: The line loci of all perspective 
projection points on the picture plane are lines pass- 
ing through the intercepts of the picture plane, as 
outlined in the previous paragraphs. It follows that 
the perspective projection of any line parallel to one 
of the axes will pass through the intercept of the pic- 
ture plane on that axis. For example, line O-P on Fig. 
11, which is the perspective projection of line 0-1 will 
pass through V,. Thus the picture plane intercepts 
become the vanishing points of all lines parallel to the 
axes. In other words, the perspective projection of all 
lines parallel to the x axis converge at V,. Likewise 
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all lines parallel to the 2 axis converge at V, and lines 
parallel to the y axis converge at V,. 

If two parallel diagonals are drawn, one on the top 
face of the block 0-W on Fig. 15 and one on the bot- 
tom face, the perspective projections of these two 
lines will meet (vanish) at a point on V,-V,. All 
other parallel horizontal lines will vanish at some 
such point on V,-V,, and all horizontal planes will in- 
tersect along the same line. A line drawn from s" in 
Fig. 15, parallel to 0"-w", will cut V,-V, at the vanish- 
ing point of the diagonals. The vanishing points of 
lines parallel to the H, F and P planes may be found 
similarly by constructing a line through the view of S 
and parallel to the corresponding view of the inclined 
lines. 


Measuring Points and Limes: The edge 0-1 of the 
block is a horizontal line. To revolve this line hori- 
zontally around point 0 into the picture plane, the 
projection 0”-1" in Fig. 16 is revolved to a new posi- 
tion of 0-1", parallel to V,-V,. ‘The perspective of 
1’ will fall at 1°, directly below 1’ and on the line 
through 0 parallel to V,-V,. Since the new position of 
the line lies in the picture plane, it is its own per- 
spective projection and is scalable. 

The vanishing points of all horizontal lines lie on 
V,-V., and the vanishing point of chord 1’-1” can be 
found by drawing a line through s” parallel to 1’-1” 
(or by swinging an arc of s"-V,, radius, center at V, 
to V,-V,). The point thus located is labeled here as 
MP.,, read as “x measuring point.” 

The vanishing point of line 0-1 (before revolving) 
was at V, and the vanishing point of 1’-1" is at MP,; 
therefore the intersection of 0-V, and 1'-MP, is the 
true perspective projection of point 1. 

Measurements paralleling the x axis may be made 
along 0-1', which may be designated as the x meas- 
uring line. The projections of such points will be 
found at the intersection of 0-V, and a line drawn 
through the point and MP,, (x measuring point). For 
example, a point k on line 0-1 will have its perspective 
projection at k’ which is the intersection of k-MP,, 
and 0-V,. 

Likewise an arc having V, as its center and V,-s” 
radius locates MP,. A true-size scale may be laid out 
on a line through 0 parallel to V,-V., Fig. 17. X di- 
mensions behind the picture plane may be made to 
the left of 0 on this line, and the perspective of such 
points found on 0-V,, by means of a line from the point 
to MP,. Likewise, 2 dimensions are made to the right, 
and their projections found on 0-V, by connecting 
points on the scale with MP,. An arc having V, cen- 
ter and V,-s” radius may be used to locate a y measur- 
ing point MP, on either trace. The y scale drawn 
through 0 must be parallel to the trace on which the 
measuring point is located. Measurements below the 
plane are taken downward from 0. The choice in the 
location of the y measuring point and line depends 
upon the proportion of the layout. Additional meas- 
uring points and lines for both x and y dimensions 
may be located parallel to the F and P traces respec- 
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Ellipses are often drawn on isometric drawings by the familiar “W”" 
or “‘four-centered” method. Although the method is easy, individual 
circles are not pleasing to the eye. And circles which are tangent 
in conventional three-view engineering drawings either intersect or 
miss completely when drawn as ellipses in pictorial views. The 
following methods eliminate both difficulties. 


Isometric Ellipses 
(Trammel Method) 


Isometric circles, as well 
as dimetric and oblique 
circles with known con- 
jugate diameters equal in 
length, can be drawn by 
this method. Ellipses made 
by this method will match 
template ellipses, but should 
not be used on a drawing Equal but 
less than 





containing ellipses drawn 
by the “‘W" method. Ac- 
cording to usual practice, a 
pair of perpendicular diam- 
eters of the isometric circle 
are drawn, which serve as 
equal conjugate diameters. 
Major and minor axes are 
drawn to bisect the included 
angles. Line B-S is drawn from the end of 
either diameter to make an angle of 45 degrees 
with major and minor axes. A piece of stiff 
paper is then laid along this line and distances 
B-R and B-S are marked off as points B’, R’ 


45 degrees 





_——— 


and S$’ on the paper to form a trammel. Points 
on the ellipse are then found by marking suc- 
cessive positions of point B’ as S$’ and R’ 
are shafted along the two oxes. (See Reference 
2.) 


Perspective Ellipses 
(Parallelogram Method) 


The parallelogram method lends itself well 
to all forms of pictorial drawing, and is prac- 
tically mandatory in drawing perspective el- 
lipses. Each half of the longer conjugate 
diameter is divided into equal parts, and each 
half of the short sides of the enclosing parallelo- 
gram is divided uniformly into the same num- 
ber of parts. Lines drawn from one end of 
the shorter conjugate diameter through points 
on the long diameter (A-1, A-2, etc.) inter- 
sect lines drawn from the other end of the 
same diameter to corresponding points on the 
end of the parallelogram (B-1', B-2’, etc.). These 
intersections lie on the desired ellipse. In pre- 
ference to dividers, the graphical method of 
dividing sides shown in area BD of the parallel- 
ogram should be used. In essence, two diam- 
eters are drawn, and parallels are erected at 
the intersection. The four smaller parallelo- 
grams are similarly divided, and so on. In 
perspective, all “‘parallels’’ and sides of the 
rhomboid are drawn through the proper vanish- 
ing points. Divisions will appe unequal in 
length, but are actually in the proper propor- 
tion. 





MACHINE DESIGN—March 1953 














. 
| 
5 
°F 


i 


3 
| 
53 


itt 
i 


it 
= 
E 
cf 
: 


ey 
fl 


5 n 
a 
BE 


| 
x 





tively, but are usually not very helpful. 

Measurements in front of and above point 0 can be 
made in the opposite directions, x dimensions to the 
right, z dimensions to the left, and y dimensions above 
0. The same measuring points are used in either case, 
the result being that the measurements will be less 
foreshortened. 

In projecting circles the simplest procedure is to 
project the center and the enclosing square. However 
distorted the square may become, the ellipse repre- 
senting the circle may be satisfactorily constructed by 
the parallelogram method. 


Practical Application: The layout and part of the 
construction used to produce the oblique perspective 
of a simple assembly is shown in Fig. 18. The cams 
on this assembly are circular and the construction 
to draw an ellipse representing a circle of their diame- 
ter, with center at 0, is shown. This “parallelogram 
method” is probably the simplest means of construct- 
ing perspective ellipses. Diameters of this circle were 
measured along the x and y measuring lines, as indi- 
cated by the circled points. Faces of the cams were 
located by points numbered 1 and 2 measured on the z 
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measuring line. In each case these measurements 
were transferred to the proper axes by the method 
previously described. Other details of the construc- 
tion are not shown, but follow a similar pattern. 

It may be noted that all of the foregoing is based 
on an inclined picture plane with a significant point of 
the object being located in that picture plane at the 
foot of a normal drawn from the origin. The picture 
plane may, however, be made parallel to one or more 
of the axes. If the picture plane is made parallel to 
the y axis, that is, a vertical plane, the result will be 
an angular or two-point perspective. In this case it is 
more convenient to place point 0, and the x and z 
measuring lines at some point below the horizontal 
plane. 

A y measuring point (MP,) will be at the same ele- 
vation as point 0 and directly below either V, or V.. 
Since the plane in this case is parallel to the y axis, 
V, is an ideal point an infinite distance away. All 
vertical lines are therefore drawn parallel, perpen- 
dicular to the horizontal trace of the picture plane. 

If the picture plane were to be placed parallel to 
two of the axes the result would be a one-point or 
parallel perspective. Here again it is necessary that 
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the line of sight be an oblique line in order to use 
successfully the measuring point system outlined. 
However, in this case as well as in the case of the 
angular perspective, means may be readily devised to 
handle these measurements when making the “eye- 
level” perspective. 

Several methods, as well as certain commercial 
devices, are available for handling vanishing points 
located outside the boundaries of the drawing board. 
One is to make a small layout graphically to test 
proportions, then calculate locations of vanishing 
points and measuring points by simple trigonometry, 
and use centrolineads for the actual drawing. Usually 
measuring points will stay within a reasonable dis- 
tance. 

If floor space is available, a surprising degree of 
accuracy can be obtained by stretching cords or 
thread from vanishing points located on adjacent 
drawing tables, etc. If a cord is stretched tightly, 
two points may be marked and a straightedge used to 
draw the desired line. 

Still another method, which would be prohibitive 
‘if used for a complex object but is sometimes easier 
than physically locating the vanishing points, is to 
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construct sets of lines through the vanishing points 
by Desargue’s theorem. Two parallel lines are drawn 
to intersect adjacent picture-plane traces and sets 
of similar triangles are constructed using the parallel 
lines as bases. Lines joining the apexes of each set 
of triangles pass through the vanishing point. 
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“Technology has brought the good life to the multi- 
tude. No respecter of class, it has benefitted the poor 
as well as the rich. It has done more to remove social 
inequality than all of the pious plans of the welfare 
state, than all of the good intentions of the dreamers 
in socialism. It is making it possible to realize the 
lofty goals that we have pursued, futilely at times, for 
so long. Thus we realize that material things can be 
used to serve exalted aims. Technology doesn’t have 
to promote materialism. Rather it can help us to 
come closer to the spiritual objectives that we are 
seeking.”—Dr. J. T. RETTALIATA, president, Illinois 
Institute of Technology. 
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ANY different decorative 

stitches can be sewed on the 
Supermatic sewing machine, Fig. 1, 
by changing a double plastic cam. 
Without attachments, the machine 
can sew straight or zig-zag stitches, 
can sew on buttons, make button- 
holes, or scores of different orna- 
mental stitches. 

The cam fits over a “turntable,” 
Fig. 2, much the same as in a phon- 
ograph, and can be replaced in a 
few seconds. The top half of the 
cam controls sidewise motion of the 
needle bar, while the bottom half 
controls forward and backward 
movement of the feed points. A 
calibrated tension control permits 
adjustment of bobbin tension to 
match fabric thickness. Other fea- 
tures of the Swiss-made machine, 
which is imported by Elna Corp. of 
America Inc., include a twin needle 
clamp for sewing with two different 
threads at the same time, a built-in 
knee control, and a “free” arm for 
sewing sleeves, socks and items of 
a tubular nature. 
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MPORARY DESIGN 


Special Screw Feeds 


Plastic in 


Molding Press 


A SCREW with pro- 
gressively decreasing 
pitch transfers plastic ma- 
terial from the hopper to 
the injection chamber in 
the 16-ounce horizontal 
injection press, Fig. 3. <A thor- 
ough mulling action mixes and 
helps plasticize the material by 
frictional heat, although two 4- 
kilowatt electric heaters along 
the preplasticizer extruder hous- 
ing, Fig. 4, provide most of the 
heat required. A third 4-kilo- 
watt heater maintains constant 
heat in the injection chamber. 
Nearly 180 pounds of styrene 
can be plasticized per hour in the 
16-ounce press developed by the 
Jackson & Church Co. Material 
is kept from clogging the hop- 
per at the in-feed end of the 
screw by water-cooling. After 
compression and heating jn the 
preplasticizing unit, the material 
is extruded at constant viscosity 
into the injection chamber. Since 
a torpedo is not needed in the in- 
jection chamber for plasticizing, 
the entire 16 ounces of material 
are injected in every shot. Both 
the injection ram and clamping 
mechanism are hydraulically op- 
erated, without toggle mechan- 
isms. The same preplasticizing 
method is used in the company’s 
6, 48, 72 and 200-ounce ma- 
chines, 
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Miniature Blower Scrolls 


Molded from 


( Ase REINFORCED alkyd plastic is used for 
Alk d Plastic weight reduction, high impact strength and good 
y thermal shock resistance in the miniature blowers for 
cooling aircraft and electronic equip- 
ment, Fig. 5. Developed by Electro- 
flow Pumps Inc., the blower housings 
resist temperature changes from —55 
C to 125 C without crazing or being 
damaged. High strength of the mold- 
ing material has made possible thin- 
ner scroll walls with consequent re- 
duction in overall weight, has elimin- 
ated the need for metal mounting 
tabs, and has reduced breakage about 
22 per cent in handling and assembly. 
The blower assembly consists of a 
stamped aluminum back plate, alu- 
minum or cadmium-plated Sirocco- 
type wheels and the scroll, which is 
t-ansfer and compression molded of 
F-:askon glass-reinforced alkyd, Fig. 6, 
plus a miniature 400-cycle or variable- 
frequency electric motor. Blowers are 
supplied in 1144, 2 and 3 inch wheel 
diameters. 
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CONTEMPORARY DESIGN 


PUSHBUTTON controls on 1953 Hotpoint 

Electric ranges are grouped for easy loca- 
tion, Fig. 7, on tilted-back panels. On several 
models, a “color key” system immediately tells 
which group of pushbuttons controls each sur- 
face unit, Fig. 8. A colored ceramic medal- 
lion in the center of each heating unit corre- 





DESIGN—March 1953 


Grouped Pushbuttons 


Control Electric Ranges 


sponds to a similarly colored pilot light in the 
pushbutton group. Oven temperature controls 
are grouped next to a minute timer and auto- 
matic hour-timing clock, Fig. 9. The whole 
cooking top. and back panel overhangs the 
range body 11% inches, permitting flush wall 
installation without removal of the baseboard. 
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Traction-Tread Machine 


“Pulls Out’’ Cable 


JNCORPORATING an ingenious drive that permits 

adjustment of both treads up and down from a fixed 
cable centerline, the “Caterpuller,” Fig. 10, provides a 
straight-line pull for cablers or stranders. Horizontal 
pull is imparted by traction treads consisting of a se- 
ries of individual blocks molded of cork-filled synthetic- 
rubber tire stock. Each block is mounted between a 
dual-chain belt, with chain separator pins passing 
through the blocks. Hardened steel chain rollers ride 
on two hardened steel rails, Fig. 11, which back up and 
help guide the chain. Normal chain weight provides 
adequate tension on the lower tread, while a second 
adjustable dual rail supports chain weight in the up- 
per circuit. 

Drive of the James L. Entwistle Co. machine con- 
sists of a vertically mounted shaft, Fig. 12, driven 
through spiral bevel gears from a variable-speed mech- 
anism. Two worms which drive the sprocket gears 
are mounted integral with this shaft, Fig. 13. Since 
centerline of the cable is fixed, distance between top 
and bottom pulling treads is adjusted equally from 
this fixed centerline through two parallel, vertically 
mounted screws by a handwheel. The two worm 
wheels merely rotate to a new position on the worm, 
thus distributing wear evenly and insuring perfect 
alignment of upper and lower tread blocks, since both 
wheels rotate an equal amount in opposite directions. 
An additional advantage is found in this drive meth- 
od, since worm thrusts in opposite directions are all 
contained within the shaft and heavy thrust bearings 
are not necessary. 















































By William Schack 
Plastics Consultant 
New York, N. Y. 


HIEF advantages of plastic extrusions are the 
economies possible because of low die cost and 
continuous production, relative ease of manu- 

facture of the basic forms, and economical fabrica- 
tion of these forms into finished components. 

Extrusions take the form of rods, tubing (and 
Similar enclosed, hollow shapes), sheeting, filaments, 
profiles (angles, channels, etc.), Fig. 1. Also ex- 
truded are coatings on wire, rope, pipe and wood. 
Not all of these forms have applications at present in 
the machine design field and the forms themselves 
indicate their permanent limitations. Since most of 
them are variable only dimensionally (for example, 
tubing in wall thickness and diameter), they cannot 
yield the number or diversity of shapes of, say, in- 
jection molding. This limitation is far less severe for 
extruded profiles, of which thousands of variations 
have been produced to specifications. 

Often the extrusions need only be cut to size to 
be ready for use. These pieces can also be modified 
by bending, punching, heat-sealing, forming, shearing, 
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PLASTICS EXTRUSIONS 









drilling, tapping, etc. The operation may be per- 
formed by the extruder, or by the manufacturer who 
applies the extruded component. In any case, such 
a fabricated piece is usually far less expensive than 
if it were injection molded. Common examples are 
the nylon pinion and bushings shown in Fig. 2. 


Processes and Materials: Today, extrusions are 
produced by the dry continuous process which is hard- 
ly more than 15 years old and already accounts for 
some 250,000,000 pounds of material annually. The 
earlier wet (or solvent) extrusion process is of little 
practical interest to machine designers, except per- 
haps that it is the means by which the strain-free 
polyvinyl butyral interlayer of safety glass is pro- 
duced. 

In the production of dry extrusions, Fig. 3, the 
material in granular form is fed from a hopper into 
the cylinder of an extruder. The cylinder has close- 
ly controllable temperature zones, and houses a screw 
which impels the material, rendered plastic by ap- 


145 








































plied and frictional heat, toward a die orifice which 
has the approximate shape of the desired form. On 
emergence from the die, the extrusion is taken 
through a cooling medium by a conveyor, capstan 
or squeeze rolls with variable speed controls, and 
so assumes its final form. 

All of the common commercial thermoplastics are 
now being extruded in this country: acetate, buty- 
rate, ethyl cellulose, polyvinyl chloride and its co- 
polymers, plasticized polyvinyl alcohol, polyvinyl bu- 
tyral, saran, nylon, polyethylene, polystyrene and co- 
polymers, and the fluorocarbons (Teflon, Kel-F). Sili- 
cone rubber is also being extruded. 


Applications: Although plastics extrusions are of 
recent development, a considerable number of ap- 
plications have already been found for them in vari- 
ous types of machines. Ethyl cellulose tubing has 
been used for the wands of vacuum cleaners, be- 
cause of its toughness and resistance to abrasion. 
In the thickness required here, the plastic is quite 
rigid. 

Flexible tubing has also found extensive employ- 
ment. In a chemical-fillng machine saran tubing, 
with its wide range of chemical resistance, high 
bursting strength and toughness, is used. In this 


Fig. 1—Some varieties of tubing, rods and profiles pro- 
duced by the extrusion process 


Photo, courtesy Tennessee Eastman Co. 


a. 
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machine both glass and porcelain piping had been 
used. Saran has greater shock resistance than either, 
and it has the additional advantage over porcelain 
of being translucent, which allows visual observation 
of liquid levels and possible obstructions in the 
line. 

For another property—resilience—along with spe- 
cific chemical resistivity and durability, vinyl plas- 
tic was selected to serve as rolls in blueprint ma- 
chines. 

Gaskets of diverse cross-section are cut from ex- 
trusions, particularly vinyl, the fluorocarbons and 
silicone rubber. In certain diesel engines, cylinder 
head gaskets of silicone rubber stand up under a 
temperature of 300 F. Also, because of their flexi- 
bility and compression set, they compensate for the 
gap varying from 1/32 to 1/16 inch arising from the 
accumulation of manufacturing tolerances for numer- 
ous metal parts. 

Extrusions other than sheeting are not usually 
fabricated by the forming process. An exception is 
a unit Schwab & Frank Inc. produce for Detroit Gear 
Co. to protect machinery parts with which they 
supply Studebaker. A large tube of acetate or buty- 
rate is cut to size and a pair of ridges is then formed 
into the heated piece. The advantage of the fabri- 
cated tube over one formed from sheeting is that 
it is a closed shape. In a directly formed piece, the 
edges would have to be cemented together. 

Sheeting in various thicknesses makes its appear- 
ance in diverse applications. Polyethylene film, cut 
to pattern and heat sealed, is used for electrically 
insulating television receiver picture tubes. In a 
heavier gage, 1/16 inch, this same plastic is used 
as a wiper blade which removes the excess face 
cream from jars in a filling machine which works 


Fig. 2—Nylon pinion and bearings for a pressure-gage. 
Pinion is machined from a blank injection-molded di- 
rectly on the metal shaft; bearings are machined from 
extruded rod stock 
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like a kind of waterwheel, Fig. 4. Polyethylene has 
proved to be more durable than the rubber wiper 
blade it replaced in this application. 

The recently developed styrene copolymer sheeting 
(not all types of which are extruded), is one of the 
strongest of the thermoplastics, with good electrical 
and chemical properties as well. One fabricator has 
formed it into machine guards, replacing the sheet 
metal guards of his drill presses which had become 
badly damaged in use. Such guards might well be 
part of the original equipment. The same material 
is also finding application as covers and housings for 
appliances and business machines, not only because 
of its well-balanced properties but also because the 
forming process has become highly economical and 
permits an intricacy of design which would be much 
more expensive to implement in production by other 
methods. 

No longer largely a hand technique, forming is 
now being carried out in fairly high-speed presses. 
The plastic sheets are heated in ovens adjacent to 
the presses to prevent cooling in the transfer, and 
they are sometimes pattern-heated to prevent undue 
thinning at some point and facilitate shaping at an- 
other. External and internal ribs, bosses, recesses, 


Fig. 3—Schematic diagram 
of the plastics extrusion 
process 


* 
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compound curves, can all be incorporated in the low- 
cost molds used in the process. These molds, com- 
monly made of wood, can easily be modified in the 
course of the evolution of a design, relieving the de- 
signer of the anxiety of having to come up with a 
final product on his first try or face costly changes. 

The open forms commonly called “profiles,” in- 
cluding channels, angles, and the infinite variations 
possible, have been applied to the most diversified 
uses. The high-impact formulations of styrene de- 
veloped in the last two years, with excellent chemical 
as well as mechanical properties, have led to their 
extensive adoption in breaker strips for refrigerators, 
Fig. 5. Vinyl profiles appear as bumpers for clean- 
ers, sweepers and other machines. High abrasion 
resistance and resilience are the properties which 
match such applications. 

One extruder has produced a ridged mounting and 
insulating ring of polyethylene for the screen end of 
a television picture tube. Although tubing, rods and 
other simple forms can readily be bent on heating, 
more intricate shapes cannot be bent beyond certain 
limits without distortion. This TV mounting ring is 
extruded in a continuous. curve which can, in cut 
pieces, be readily bonded into perfect circular shapes. 







Fig. 4—Jar-filling machine 
showing polyethylene sheet- 
ing, cut into strips, serving 
as wiper blades to remove 
excess material 
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Photo, courtesy Schwab 4&4 Frank Inc. 


Fig. 5—A variety of extruded refrigerator breaker strips 


Elliptical and other curved forms are also possible 
up to a maximum diameter of 3 feet. 

Butyrate coatings are extruded on iron pipe, which 
is then cut and bent to shape for use as bus stanch- 
ions, rails and similar parts. In like manner, ex- 
truded coatings provide corrosion prevention, a pleas- 
ing surface, and color for safety or other purposes. 


Design Considerations: In the foregoing appli- 
cations references have not been made to “plastics” 
tubing or “plastics’’ sheeting, but always to a spe- 
cific plastic. Choice of the right plastic for a given 
application is as important in extrusions as in mold- 
ings by other processes. The designer familiar with 
the latter should have no difficulty in working with 
extrusions, for they have virtually identical proper- 
ties. Problems of the finished parts are also quite 
similar. For example, skimping on wall thickness 
is as false an economy in an extruded ethyl cel- 
lulose vacuum cleaner wand as it is in an injection- 
molded ethyl cellulose bobbin used in braiding ma- 
chines. 

Like plastics parts molded by other processes, cus- 
tom-made plastics extrusions are economical only in 
sizable production runs. In injection and compres- 
sion molding, this fact is so because of high mold 
costs, which can only be amortized in long runs. Ex- 
trusion dies, however, are quite cheap. An average 
sort might run from $50 to $100, and even complex 
dies would seldom cost more than $300. Designers 
may therefore sometimes allow themselves the luxury 
of a custom extrusion for the sake of a minor degree 
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of added efficiency or improved appearance, when a 
standard extrusion would be adequate. 

But low tooling cost is offset in important measure 
by set-up costs. Great as the technical progress has 
been in plastics extrusion, it is still far from a fool- 
proof self-adjusting process. Because of relatively 
high set-up charges, a short run is not economical 
and is not called for unless the part desired cannot 
be produced by any other process. A safe rule of 
thumb is that if the weight of the parts to be or- 
dered is about 500 pounds, the price will reflect the 
economies of the process. Runs under that amount 
will be, inversely, proportionally higher. 

For all the delicacy of die adjustment required, 
extrusions are now being produced with a high de- 
gree of uniformity of dimension and to close toler- 
ances. In typical commercial tubing specifications, 
for instance, tolerances vary from +0.002-inch for 
a wall thickness of 0.012-inch in tubing of 0.022-inch 
nominal ID to +0.010-inch for a wall thickness of 
0.060-inch in 2-inch pipe. These are the figures on 
stock tubing. Closer tolerances can be achieved on 
these as well as other forms, but at a higher cost. 

One authority holds that the extruder should main- 
tain the following values: 


Dimension (in.) Tolerance (in.) 


1 td 
1 to 3 tas 
3 and over tsxy to +a; 


If plastics meet performance requirements, plastic 
extrusions warrant the designer’s attention as a 
possible path to reduced cost. 


Specifying Aluminum Castings 


Betts aluminum castings may be obtained if 

certain steps are followed in specifying require- 
ments to the supplier. The following rules were ab- 
stracted from the winter issue of the Aluminum Bui- 
letin: 

1. Carefully estimate the number required and 
the rate of .production so the most economical cast- 
ing method can be chosen. 

2. Determine. mechanical and physical require- 
ments of the part and choose the alloy filling these 
requirements which is best suited to the casting meth- 
od. 

3. Submit detailed drawings, a model, test pat- 
tern or sample casting for estimates to several foun- 
dries with the experience and facilities to furnish the 
required type and number of castings. 

4. Specify service conditions in detail, especially 
points of high stress or pressure tightness. Be sure 
the prospective supplier has the production and in- 
spection facilities necessary to assure consistent at- 
tainment of the specified properties. 

5. Investigate the experience of other customers 
with the supplier, if possible. 

6. Consult fully with the technical personnel of 
the supplier and give careful consideration to any 
changes they suggest to simplify production, reduce 
cost or produce better castings. 
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and how clearances and de- 
flections in cam systems can 
be anticipated in design were 
discussed in two preceding 
articles. This final article sum- 
marizes the “polydyne” pro- 
cedure by detailing the design 
of an actual automotive cam. 
Additionally, vibration is dis- 
cussed and the principles of 
ramp design are presented. 
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By David A. Stoddart 


Development Engineer 
Thompson Products Inc. 
Cleveland, Ohio 


YNAMIC aspects of cam design presented earlier 
under this subject have shown why the motion 
of the follower at the cam is not the same as 

the motion of the mass at the end of the follower 
linkage. Clearances, elasticity of the system, inertia 
forces, and return spring load contribute to deviations 
in cam command and end mass response. These influ- 
ences generally can be analyzed and taken into ac- 
count during design. 

In this article, the effects of these dynamic factors 
upon cam design and operation will be discussed, and 
& specific example will be developed to demonstrate 
the practical application of the “polydyne” approach. 


DRD Systems: In the second part of this series (Feb- 
ruary, Pages 146-154), the important relationship be- 
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tween the fourth derivative of the end element dis- 
placement and the equivalent cam acceleration was 
stressed. These terms are related through the second 
derivative of the basic equation 


Yo = Ur + py + gy” 
where Y) = the equivalent cam displacement, y, = 
ramp displacement, y end element displacement, 
_ kot ky 
‘ Ko 





ko = spring rate of linkage system, k, = rate of re- 
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turn spring, w = effective weight of follower system, 
and N = rotational cam speed. 

Since the second derivative of end mass displace- 
ment (acceleration) appears in the equation for equiv- 
alent cam displacement, the fourth derivative of the 
end mass directly influences the acceleration of the 
equivalent cam. If the equivalent cam acceleration is 
to start at zero and return to zero, controls are re- 
quired for the fourth derivative of the end mass dis- 
placement. 

For cams of the dwell-rise-dwell type, the lowest 
order polynomial that gives zero for four derivatives 
at both ends of the event possesses the powers, 5, 6, 
7, 8 and 9. This determination can be easily made by 
the methods outlined in the first part of this series 
(January, Pages 121-135). By use of TABLE 1 in the 
first article, the coefficients can be determined, and 
the displacement equation for the end mass is 


y > 1 — 126 25 + 420 x6 — 540 27 + 315 x — 70 2 


This equation might describe the path of the end 
element in a system having the following character- 
istics: event range x, = 75 deg, cam height y,,,, = 1 
inch, effective weight of follower system w = 16.67 





Fig. 2—Demonstration of deflections in 
a spring-return cam and follower system 
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Fig. 3 — Characteristic 
relationship of vibration 
amplitude of end ele- 


Rotational Cam Speed 





lb, spring rate of follower linkage ky = 15,500 Ib per 
in., and rate of return spring k, = 620 lb per in. 
Then, p = (15,500 + 620)/15,500 = 1.04 and ¢ = 
0.093 (16.67) N2/15,500 = 0.0001 N?. 

Acceleration of the end mass is 


2 5(4) (126) ( x y —————-{ x )’ 





(75)2 75 (75)? 75 
7(6) (540) ( x )’ mt lnm | x ’ 
(75)2 75 (75)2 75 
9(8) (70) ( x )’ 
(75)2 7 
x 3 x 4 
= — 0.448 ( + 2.24 (_) _ 
75 75 


x 5 x 6 
4.032 (=~) + 3.136 (-<-) s 
75 75 
x 7 
0.896 ( ~=~) 
75 


where 2/75 = decimal part of the event range. 
Similarly, the fourth derivative of the end mass is 


x x \2 
y’* = — 0.0004779 (=) + 0.0047787 (=) _ 
75 75 
x 3 x 4 
0.014336 (= ) + 0.0167253 ( =) _ 
75 75 
x 5 
0.0066901 ( =) 
75 


This investigation might be conducted for two 
speeds, N = 400 and 800 rpm. Then, ¢ = 0.0001 N? 
= 16 and 64, respectively. Pertinent resulting curves 
are shown in Fig. 1 

The curve for end mass displacement y is calculated, 
of course, from the basic 5-6-7-8-9 polynomial. End 
mass acceleration is plotted from the foregoing equa- 
tion for y”. Acceleration of the equivalent cam is 
calculated from the second derivative: 


Yo” = py” + gy’ 


That is, yo” = 1.04 y” + 16 y* for N = 400 rpm and 
Yo’ = 1.04 y” + 64 y” for N = 800 rpm, where y” 
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and y" are given by preceding equations. 

As shown in Fig. 1, the difference between y,” at 
400 rpm and y” is not great. However, between y,)” 
at 800 rpm and y” the difference is so great as to be 
almost absurd. 

In Fig. 1 the equivalent cam displacement for N = 
800 rpm is plotted from the equation 


Yo — ¥r + 1.04 y + 64 y” 


where ramp height y,,,,, = 0.07-inch, a value obtained 
by consideration of the “security” aspects of the de- 
sign. That is, if y) had started at zero at x/x, = 1 
(75 deg), the yp) curve would have fallen beneath the 
curve for y a maximum of 0.07-inch at about 2/x, = 
0.30 (221% deg from top of rise). Compression in the 
linkage over the full event requires a ramp of this 
height, or graphically, the entire y) curve must be 
raised 0.07-inch. The critical point of x/x, = 0.30 is 
the point of greatest negative acceleration which is 
where the demand upon the return spring is the great- 
est. Any clearance in the system would be added to 
the 0.07-inch ramp height established by the dynamic 
loading. 

Some indication of the relationship of return spring 
load to dynamic forces has already been given in ref- 
erence to Fig. 7 of the second article. Further clari- 
fication is provided by Fig. 2 presented here. In Fig. 
2, the outer or upper solid line is the equivalent cam 
lift. The lower solid line is the end element lift at a 
speed very low in relation to design speed. The dif- 
ference in their ordinates is the static deflection in- 
duced by the return spring. Any departure from the 
lower line is caused by dynamic deflection. Such de- 
parture is shown by the dashed line which represents 
some speed significant in relation to design speed. At 


Fig. 4—Inflected ope ramp and equations. 
Equations presented are for the 3-4-5 poly- 
nomial, but any other function possessing the 
same general characteristics might also be used 


Imax 
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CAM DESIGN 


the point of greatest departure below the lower solid 
line, the end element is at maximum positive accelera- 
tion. Conversely, at the point of greatest departure 
above the line, the end element is at its maximum 
negative acceleration. If the end element lift goes 
above the upper line, tension rather than compression 
in the linkage would prevail—an impossibility with a 
spring-return system. Hence, security would be lost, 
and parts of the system would separate. 


Vibration: This account of the transition of the ac- 
tual end mass displacement curve between two limits 
as speed increases from zero to design speed is accur- 
ate enough—until vibration is considered. Between 
zero and design speed and above design speed, vibra- 
tion can cause effects not depicted in Figs. 1 or 2. 

The equation relating displacements of the end mass. 
and the equivalent cam might be rewritten as 


0.093 wN2 
Ko - 
Letting W = 0.093 w/k, and rearranging, 


Yo = Yr + py + 


Yo — Yr WN? 
a a y 
p p 

This expression can be handled as a differential 
equation with two solutions for y as N is varied. One 
set of solutions expresses the effect of the change in 
dynamic loading from change in acceleration; the sec- 
ond set expresses the amplitude of free vibration of 
the system at the designated speed. Calculations of 
the free vibrations for several polydyne cam systems. 





Fig. 5 — Constant-velocity type ramp. First 

stage is shown as a constant-acceleration por- 

tion, but other functions could be employed 

to advance velocity from zero to the value re- 
quired at the second stage 
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established the characteristic curve shown in Fig. 3. 
The ordinate values of this curve differ according to 
differing system properties but the characteristic 
shape prevails. 

Calculations for other than design speed are tedious 
and time consuming. Therefore, vibration analysis is 
seldom practical. The curve of Fig. 3, however, can 
serve as a guide in design. For any particular system, 
the maximum amplitude (at 70 per cent design speed 
N) is proportional to the difference in shape and or- 
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Fig. 6—Constant-jerk ramp, also known 
as uniformly increased acceleration ramp 





Fig. 7—Combination ramp consisting of 
three stages: (1) constant acceleration, 
(2) constant velocity, (3) constant jerk 
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dinates of the y)” and y” curves. Thus, in Fig. 1, the 
system designed for 800 rpm would have far greater 
vibration amplitude between zero and design speed 
than would the system designed for 400 rpm. 

Vibrational amplitudes may be additive to the end 
element lift at any point. They can be great enough 
to cause y to exceed y, at a given point. Then com-: 
pression in the linkage becomes zero and the parts 
separate. Occasionally a polydyne cam has lost con- 
trol from this cause in the range of 0.70 N and then 
regained control for a range through design speed. 
These observations bear out the validity of the mathe- 
matical concept. 

If the speed range of lost control is short and the 
degree of loss is not severe, correction can usually 
be obtained by an increase in the initial load of the 
return spring, an increase in its rate, or both. How- 
ever, increasing spring load without redesigning the 
cam incurs certain penalties: 


1. Total lift of the end element is reduced. 

2. Events are shortened as design requirements at 
opening and closing are displaced. 

3. Above design speed, when control is lost, system 
forces become more severe. 


Ramp Design: To complete the design of Fig. 1, the 
details must be worked out for the ramp or subcam 
required to raise the follower 0.07-inch before the end 
element starts to move. Initial specifications for the 
design set lift and its first four derivatives at zero at 
the 75-deg position (#/x, = 1), which is also the 
terminus of the ramp. Therefore, an inflected ramp of 
the type shown in Fig. 4 must be used. 

The form of this ramp is the same as a dwell-rise- 
dwell cam. The height is dictated, of course, by the 
requirements of the main event, but the range of cam 
rotation occupied by the ramp is arbitrary or is gov- 
erned by other design considerations. 

Different types of ramps, however, are dictated by 
various design conditions. In fact, ramp requirements 
may substantially influence the design of the main cam. 

Besides the inflected type ramp shown in Fig. 4, two 
other forms in use are: constant-velocity type, Fig. 5, 
and uniformly increased acceleration or constant-jerk 
type, Fig. 6. Additionally, these latter two forms can 
be combined into the constant-velocity constant-jerk 
type shown in Fig. 7. 

The utility of these different types with automotive 
cams (dwell-rise-return-dwell type) can be discussed 
on the bisis of considerable experience, and the points 
brought out may aid their adoption or rejection in 
other fields of cam design. 

Several drawbacks of the inflected type, Fig. 4, pre- 
vent its common use in automotive work. 


1. The relatively flat termination of the ramp and 
initiation of the cam coupled with flexibility, tol- 
erance, and clearance variations between linkages 
lead to a wide range of actual event locations. 

2. For valve closing, the approach of the valve to 
the seat is so slow that valve burning is encour- 
aged. “Easing in” of the valve fails to promote 
crushing of foreign particles on the seat and valve 
face. 

3. If the system has clearance, the point of pick up 

(clearance taken up) may be at a relatively high 
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velocity or acceleration, and noise or vibration 
may result. 

When acceleration is zero at the terminus of the 
ramp and the start of the cam, the constant velocity 
type, Fig. 5, is frequently used for sevéral reasons: 

1. The same contact velocity occurs in each link- 
age, regardless of differences in clearances and 
flexibility on both the rise and return sides. 

2. By comparison with the inflected type, variation 
in event location is less. 

3. It is the simplest to design, and may be increased 
or decreased in height without affecting the main 
cam profile. 


A constant-jerk ramp, Fig. 6, can be used only when 
a finite acceleration is permitted at the initiation of 
the main cam event. Also, it is limited to linkage sys- 
tems that have no clearances. Moreover, in automo- 
tive design they are restricted to the opening side, be- 
cause on the closing side the valve must be seated at 
a low velocity near the top of the ramp. Its advan- 
tages on the opening side are: 

1. The location of the event is pinpointed. 

2. The valve can be opened faster with a lower max- 
imum acceleration because part of the dynamic 
load has been transmitted to the linkage system 
before the valve opens. 


Compared in Fig. 8 are calculated lift and accelera- 
tion curves for the end element when the equivalent 
cam starts with 


1. Zero velocity and acceleration 
ny”). 

2. A finite ramp velocity and zero acceleration 
(curves ,y and ,y”). 

3. Same velocity as preceding case and a finite ac- 
celeration (curves ,,y and ,,y”). 


(curves ,y and 


As each further condition is added, the following 
advantages accumulate: 

1. Maximum acceleration is reduced. 

2. Area under the lift curve is increased. 

3. Negative acceleration (and thus return spring de- 
mand) is reduced. 

4. Inflection point is closer to the initiation of the 
rise. 

5. The point of maximum acceleration is nearer the 
initiation of the rise. 


When a constant-jerk ramp is applied, the velocity 
permissible is usually two to three times as great as 
that used in the example of Fig. 8. Ordinarily, there- 
fore, the differences shown and the advantages noted 
would be considerably greater. 

For the same conditions outlined in reference to 
Fig. 8, the displacement and acceleration curves for 
the equivalent cam are plotted in Fig. 9. Here de- 
tailed differences are more noticeable, but again a 
higher velocity with the uniformly accelerated or con- 
Stant jerk ramp would have shown more striking 
differences. 

The combination type ramp, Fig. 7, consisting of an 
initial constant-velocity portion and a continuing con- 
Stant-jerk region, offers considerable flexibility in 
design. It can be used in systems having clearance. 
In effect, the clearance is taken up over the constant 
Velocity portion and the static spring forces are over- 
come during the concluding acceleration stage of the 
ramp, 
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Working Equations: Because of some of the fore- 
going considerations, equations for actual calculations 
might be so set up as to anticipate and embrace dif- 
ferences between the equivalent cam and end element 
characteristics. At the initiation of the event, the end 
element has zero lift, velocity and acceleration, but the 
equivalent cam may have specified finite values at this 
same point, such as: lift (ramp height) ¥,maz, velocity 
v, and acceleration a. Then, at x = 1 in the “unit” 
system, 


Yo = ¥r + py + GY” = Urmaw Y=, y” =0 


“te — 


Vv 
py’ + gy” =v, y=9, y war“? 


Yo” = oy” + gy* =a, y”=90, y= ~ 
These relationships can be built into equations for 
the coefficients of the end element polynomial by con- 
sideration of the physical dimensions of the event 
range, lift, velocity, etc. Such working equations for 
the coefficients are presented here in TABLE 1. 


Automotive Example: The methods employed in a 
complete calculation are best depicted in detail for an 
automotive cam and follower system—the field in 
which polydyne cam design was developed. 

From tests and observations of the sort described in 


AAO AN PELE LS LT TI TELL LT EE LILLE ELE ASINES EE ES 


Table 1—Coefficients of Working Equations __ 
Equation: 


Z Vv 
Y = Ymax T Cy ( ) + Cy ( 


x 8 2 t 
o, (= )'+e(=) 
x, oe 


where y = displacement of end element, inches; Ymar 
maximum lift, inches; x = cam position, deg; 2, 
event range, deg; x/x, = decimal portion of event range. 
































Coefficients: 
— qrst Ymax — (Q¢+r+st+t—6)V+A 
eal (q— p)(r— p)(s — p)(t — p) ; 
— prstY¥maz — (Dp tr+st+t—6)V+A 
= (p — a) (r —@) (8s — q)(t—@) : 
— pgst ymax — (Dtqtstt—6)V+A 
a (p—r)(q—r)(s—r)(t—1r) 
— pqrt ¥maz— (PD tqtrt+t—6)V+A 
wile (p — s)(q— 8) (r — 8) (t —8) 
a= — par Ymazr — (D+ Qtrt+s—6)V+A 
(p—t)(q—t)(r—t)(s— ft) 
where V = 2,5v/¢; A = 2,4 a/¢; v = velocity at z/zr, = 


1, in. per deg; a = acceleration at x/x, = 1, in. per deg®. 
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1. 


2. 


the second article of this series, certain of the follow- 
ing data were obtained for a particular valve system 
and the remaining data were set as design require- 
ments: 


Effective weight at the end element (the valve, 
etc.) w = 0.516-lb. 

Static equivalent cam opening ramp height ,y,; maz 
= 0.0085-inch. 


. Static equivalent cam closing ramp height .y, maz 


= 0.0086-inch. 


. Follower system spring rate ky = 20,000 lb per in. 
. Return spring rate k, = 300 lb per in. 

. System shall have zero-clearance adjusters. 

. Design speed of engine shall be 5000 rpm; cam 


shaft design speed N is one-half engine speed, or 
N = 2500 rpm. 


. Total of opening and closing events shall be 123 


deg; on opening side event range ,.7, = 60 deg; 
on closing side event range .7, = 63 deg. 


. Maximum valve lift at design speed Ymar = 0.350- 


inch. 


10. Rocker arm ratio R; = 1.5. 
From the above data, p and ¢ can be immediately 
evaluated: 


_ ky +k _ 20,000 + 300 


= =1.015 
Ko 20,000 





p 


_ 0.093 wN2  0.093(0.516) (2500) 2 


= = 15.00 
Ko 20,000 





With no clearance to be taken up by the ramp, a 
constant-jerk ramp, Fig. 6, can be used to open the 
valve. This ramp will have to be higher than the 
0.0085-inch static requirement due to the dynamic de- 
flection created in the linkage before the valve leaves 
its seat. According to theory, the dynamic deflection 
of the system is proportional to the acceleration of 
the valve, but the equation for the equivalent cam lift 
holds only when the valve is jn motion. Actually the 
static ramp height chosen was numerically the largest 


Fig. 8—Valve displacement and acceleration curves for a 2-10-22-24 polynomial. 

Spring factor p=1.01 and dynamic factor ¢=10. The three pairs of curves rep- 

resent the effect of three sets of ramp conditions on the end element at design speed. 
Inset tabulation gives the ramp data used in the calculations 
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Valve Acceleration (in. per deg2 ) 








Equivalent Cam Acceleration (in. per deg*) 










1 - 


Valve Acceleration (in. per deg? ) 





Equivalent Cam Acceleration (in per deg“) 


of all the linkages tested. But other engines of the 
same model may have even larger static ramp require- 
ments. The other linkages with lower requirements 
will-start lifting the valve from the seat before the 
top of the ramp is reached. Therefore, the additional 
height of ramp for system dynamic deflection can 
only be approximated. F 

If the ramp, at its junction with the cam, shall be 
assumed to provide an acceleration of 0.0003 in. per 
deg?, and the effective mass-acceleration of the sys- 
tem equivalent weight were assumed to be about one- 
half, or 0.0015 in. per deg?, the dynamic deflection in 
the system at the top of the ramp would be yz = ¢a/2 
=15(0.00015) = 0.00225. Then the maximum ramp 
height must approximately equal the static deflection 
plus the estimated dynamic deflection, or Y,m,, = 
0.0085 + 0.00225 = 0.01075. 

With an attempt made to maintain a at about 0.0003 
and v at about 0.0025, trial and error show that a jerk 
value of ¢ = —0.000024 in. per deg® and a ramp range 
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d, = 14 deg satisfy the requirements within practical 
limits. Or, from Fig. 6, 


— 0.000024 
————_——- (— 14) 8 = 0.010976 inch 


Yr max = 


— 0.000024 


> (—14)2 = — 0.002352 in. per deg 


v= 


a = — 0.000024 (—14) = 0.000336 in. per deg? 


Values for displacement and velocity at intermediate 
points can be readily computed from the equations 
presented in Fig. 6. 

Junction values just computed are next used in the 
calculation of factors V and A (see TABLE 1) needed 
in the determination of the “working” coefficients. 





Fig. 9—Equivalent cam displacement and acceleration curves corresponding to the 
valve curves shown in Fig. 8 
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As identified at the foot of TABLE 1, 





V -@;3 — 0.002352 (60) * 
v= ——_ = —— —_——— = — 33.8688 
¢ 15 
G 2," 0.000336 (60) 4 
= ——_—— = ——_______—_ = 290.304 


¢ 15 

The next step is to choose those powers of x that 
will give the desired lift with the maximum area un- 
der the lift curve consistent with favorable dynamics. 
Several examples may serve as preliminary guides in 
this operation. Fig. 10 shows lift, velocity and accel- 
eration diagrams for equivalent cam and valve for 
two very rigid systems. These are typical of L-head 
engines. The powers used are 2-16-28-36-40. For this 
power series, the cam with ¢ = 2 has valve and equiv- 
alent cam accelerations which approach each other 
in size and shape. The ¢ = 4 equivalent cam acceler- 
ation shows a reversal of direction in the positive area, 








but the valley in depth is only 0.00016 in. per deg?. 
The second apex is 0.00024 in. per deg? higher than 
the first. Both of these cams would perform satis- 
factorily. 

In Fig. 11, the same power series, lift and range 
are employed on three cams that are in the over-head 
valve engine class. The absurdity of this power series 
for valves of ¢ above 10 is quite evident. When ¢ = 
15 and p = 1.015, as in the example under considera- 
tion, the equivalent cam maximum acceleration is 
nearly twice the maximum valve acceleration and oc- 
curs after only 2 per cent of the lift has been com- 
pleted as compared to 10 per cent of the lift for the 
valve. Successful cams have been designed in which 
the acceleration drops to negative and returns to posi- 
tive, but never beyond that shown for ¢ = 10. For 
best results the following rules are suggested to gov- 
ern equivalent cam acceleration curves: 


1. The first apex should not be more than about 15 
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Fig. 10—Valve and equivalent cam curves for a 2-16-28-36-40 polynomial preceded by a 
constant-velocity ramp (0.0005-in. per deg). These designs are typical of L-head systems 
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per cent greater than the second. 

2. The maximum equivalent cam acceleration yo” 
should always be less than the maximum valve 
acceleration y”. 

3. The positive equivalent cam acceleration should 
not become negative and then reenter the positive 
area. 

4. When the rate of change and irregularity of the 
acceleration curve are held to a minimum, cams 
will produce more satisfactory results at the in- 
between speeds. 


These rules are not hard and fast, and may well be 
modified by experience in different ranges of the vari- 
ables involved. 

From Fig. 11 it is evident that powers 2-16-28-36-40 
are too high for p = 1.015 and ¢ = 15. A more sat- 
isfactory power series would be 2-10-20-30-40. The 
amount of change effected by each alteration in a 
power, incidentally, is proportional to the percentage 
change in that power, instead of to the numerical dif- 
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ample, is more significant than one from 20 to 24—an 
increase of 33 per cent versus 20 per cent. 

These powers are then used in the calculation of the 
coefficients according to the equations given in TABLE 
1. The actual process is shown on Work Sheet 1. So- 
lutions for the coefficients can be checked in part or 
as a whole. The algebraic sum of the A portions and 
the V portions must equal zero. The algebraic sum 
of the ¥,,, portions must equal — Ypq-. 

Next the equations for y and its four derivatives 
are formed from these coefficients as shown in Work 
Sheet 2. 

The derivatives are established and checked in pro- 
gression except for the third derivative. It is derived 
directly from the initial equation to show the method 
of establishing any derivative directly. In practice, if 





Acceleration (in. per deg*) 


ference alone. That is, a change from 12 to 16, for ex- all four derivatives are desired, carrying each power 


Fig. 11—Curves built on same conditions as those in Fig. 10, except for spring and 
dynamic factors which have been given values appropriate in overhead-valve systems 
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through the successive derivatives individually saves 
time and insures accuracy. With respect to a check 
of the results obtained by algebraic addition, factors 
concerning the third and fourth derivatives might be 
clarified by a brief review. The coefficients were de- 
termined from five simultaneous equations describing 
lift and its first four derivatives at the point where 
2/2, = 1. For convenience in calculations and their 
use, each successive derivative was multiplied by 
the range x, so that y = 0, 2,y’ = 0, x,*y” = 0, 2,3y” 
= x,3v/@ = V and a,ty” = 2,4a/¢ = A. Thus the 
values of y” and y" will be V/z,3 and A/z,*. 

Now that the equations for lift and its four deriva- 
tives have been established for the opening side, the 
principal remaining operations are to calculate curve 
points for the valve and the equivalent cam. Demon- 
stration of all typical calculations required in this 
work is provided by Work Sheets 3 to 6, and results 
are plotted in Fig. 12. 

The work sheet method for point calculations is 
simple and straight forward. The values for 2x/,%, 
shown in the left-hand column of Work Sheet 3 are 
raised to the power indicated by the exponent in the 
heading of each column, These may be read directly 
from the powers given in TABLE 2 in the first article. 
The corresponding coefficient is then multiplied and 
the answer tabulated in its proper position in the 
table. The values of x/,~,, used in the work sheet may 
be chosen to give the greatest number of points 
throughout a critical range. Those chosen in the ex- 
ample give the best coverage for automotive work 
without calculation of extra points where the curves 
are smooth and uniform in nature. 

The use of a calculator is required to keep the task 
from becoming overwhelming. The coefficient is 
locked into the keyboard of the machine and the com- 
plete column is calculated before its release. If work 
proceeds upward from the bottom of the column, the 
decimal location is easily found for the first product 
and its location maintained for the remainder of the 
column. 

The values of ,y are then determined by algebraic 
addition of each row. Thus each row becomes a com- 
plete solution of the equation for the corresponding 
value of x/,2#,. 

In the sample calculations for ,y, Work Sheet 4, 
much of the notation that is repetitious has been omit- 
ted. Work Sheet 5 for ,y” does not contain a column 
for the constant. Instead, it is placed in the ,y” col- 
umn in the row for x/,2, = 0. It enters into the cal- 
culation of each row as it did for ,y. With practice, 
the complete calculation need not require any more 
entries than is shown for ,y” for each equation. Note 
that ,y” is carried one more decimal place beyond that 
of ,y; it will then be accurate to the same decimal 
place as ,y when it is multiplied by ¢ (¢ = 15). The 
equations for y’” and y’’ are solved in the same man- 
ner, although no work sheets are shown for these 
calculations. 

The values for ,Yo, ,.Yo and ,Y¥,” are solved by lock- 
ing the values for p and ¢ in the keyboard and multi- 
plying the results obtained for ,y, ,y’, ,y”, .y’” and 
oy’ and then adding, according to the equations: 


Yo = Ur + py + gy” 


Work Sheet 1—Coefficients for Opening Side 








— 0.0667296 + 0.350 = 0.2832704 


Equation form: 








&-~-(@trt+e+t— 6) V — arettnen 








7 290.304 — (2 + 10 + 30 + 40 — 6) ( — 33.8688) — 2(10) (30) (40) (0.350) 


(q — p)(r — p)(s — p)(t — p) 


(2 — 20) (10 — 20) (30 — 20) (40 — 20) 


0.0795648 — 0.2333333 = — 0.1537685 


Data: 


290.304, V = 33.8688, Ymar = 0.350, p = 2, q = 10, r = 20, s = 30, t = 40 
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0.350000 


— 0.5482456 + 0.350 — 0.2333333 + 0.100 — 0.0184210 = — 0.350000 
— 0.5255719 + 0.2832704 — 0.1537685 + 0.0548992 — 0.0088291 


+ 0.350 


86 (33.8688) 


8(10) (20) (30) 


99.304 
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Yo' = py’ + oy” 


Yo" = py” + gy'” 


Calculations for ,yp and ,y,)” only are shown on 
Work Sheet 6. 

For the actual cam lift data—the figures used jn the 
manufacture of the cam—,y, must be divided by the 
rocker arm ratio R,;. Or, actual cam lift 


2 = — 
R, 


Radius of curvature of the cam is another factor 
possessing practical significance. It is useful in the 
calculation of surface compressive stress and also 
bears upon the practicality of the design with respect 


to the method to be employed in the manufacture of 
the cam. For a flat-face follower, 


R, a= Ry + 20 T 3283 2” 


where R, radius of curvature, inches; R, = base 
radius of cam, inches; 2) = actual cam lift, inches; 
and 2)” actual cam acceleration, in. per deg?, 
yo’/R,. The factor 3283 is deg? per radian. 

Eccentricity, which governs the diameter of the 
follower, is given by the relationship 


é = 57.3 2’ 


where e eccentricity in inches; z)’ = actual cam 
velocity, in. per deg, = yo/R,; and 57.3 is the factor 
for deg per rad. 

Points for all essential qualities of the opening side 
have now been calculated and are shown plotted as 
curves in Fig. 12. 

The closing side of an automotive cam requires a 
ramp which allows the valve to seat with sufficient 
energy to break away deposits but with little noise. 
A compromise velocity of 0.0005 in. per deg is usually 
accepted. A constant velocity must be used so that 
all valves will seat over a slightly variable range at 


Work Sheet 5—Valve Acceleration 
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the same noise level. The shortening of the valve gear 
before the valve is opened by the accelerated ramp 
will not exist on the closing side. As a result, the 
closing side lift .y,,,, Will be greater than the opening 
side ,Yma,y by the amount allowed for dynamic deflec- 
tion on the ramp. On the other hand, from the 
hysteresis loop, static deflection on the closing side 
exceeded that on the opening side by 0.0001 inch. 
Therefore, .Ymax is greater by 0.0025—0.0001 = 0.0024 
inch. Then .Ymg, Should equal approximately 0.3524 
inch. 

If there are no x or x* terms in the equation for ,y, 
both the equivalent cam and valve velocity curves for 
the opening and closing sides will meet at 2/x, = 0. 
If .y’ = .y” at x = O, and there is no x* term in the 
equation for ,y, both the equivalent cam and valve 
acceleration curves for the opening and closing sides 
can also be made to join at zero. 

Evaluation of the coefficient for the x* term is the 
first step. When 2/z, = 0, 











_ 203 20s 
ey” = oy" = —— * 
o®,* cL ,* 
ot ,* 
Cs = C2—— 
ot r* 
Substituting known values gives 
(63)? 
«C2 = — 0.5255719 = — 0.5794430 
(60)? 


The velocity factor at the junction of cam and ramp 
on the closing side is next determined: 


ev <3  — 0.0005(63)3 


re) 15 


V= 8.3349 





From TABLE 1 of this article 





3s 








x x 8 x 18 x 23 x 
— y” + 0.0070817 | —— — 0.0162311 ( te + 0.0132673 — 0.0038259 | —— 
v, x, v, r r 
0 —0.0002920 
0.10 2920 
0.20 2920 
0.30 2915 5 
0.40 2874 46 .: 

0.50 2644 277 1 

0.60 —0.0001747 1189 16 Sine sland 

9.70 + 0.0000904 4082 264 6 baer ae 
0.75 3296 7090 915 42 1 
0.80 6286 11881 2924 257 8 
0.82 7488 14476 4560 512 20 
0.84 8552 17554 7037 1006 51 
0.86 9342 21190 10748 1944 124 
0.88 9695 25468 16257 3701 297 
8.90 9447 30484 24362 6943 698 
0.92 8479 36345 36185 12848 1609 
0.94 6776 43168 53290 23462 3644 
0.96 4516 51087 17845 42304 8110 
0.98 + 0.0002100 + 0.0060248 —0.0112828 + 0.0075355 —0.0017755 
1.00 0 
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(C2 = 
(q — 2) (r — 2) (8 — 2) (t — 2) 





This equation can be rearranged to yield a solution 


for .Ymaz: 


cYmazx - 


— (q—2) (r—2) (s—2) (t—2) Co—(qt+r+s+t—6).V 





qrst 


from which factor A has been dropped since it is zero 
with the uniform-velocity ramp employed on the clos- 


ing side. 


The problem now is to select values for powers 
q, Tr, s and ¢ that will give .y,,,, = 0.3524 with the aid 
The first set 
of values tried are gq = 10,r = 14,s = 20, and¢t = 28. 


of the immediately foregoing equation. 


—8(12) (18) (26) (—0.5794430) — 66( —8.3349) 
10 (14) (20) (28) 


cYmar — 





This result and successive trials show: 


Powers cYmax 
10-14-20-28 0.33907 
10-16-24-30 0.35373 
10-16-22-28 0.34983 
10-16-22-30 0.35238 


The final trial with powers 10, 16, 22 and 30 yields 
a sufficiently accurate approach to the desired value, 
0.3524-inch. 

Coefficients for the new powers on the closing side 
are established from TABLE 1 in the same manner as 
those on the opening side. In all calculations, .Yma, = 
0.3524 is used except in the addition of horizontal rows 
containing (Ynez. Then the value for ,Y». , is used. 
The result, of course, is that the valve appears to 
close below the axis, and negative values occur at the 
end of the lift curve. It should be recalled that the 
“length” of the linkage is shorter at the top of the 
ramp on the opening side because of dynamic loading 
from the ramp, whereas there are no dynamic forces 
at the constant-velocity closing ramp. 

Since the calculations for the closing side are quite 
similar to those for the opening, the equations and 
computations are not detailed here. The results ap- 
pear, of course, in Fig. 12. 

With respect to the calculation of results for spe- 
cific degree positions of cam rotation, rather than even 
values of x/x,, a comparison of the same equation in 
both forms might prove helpful. The lift equation on 
the closing side, in terms of x/2,, is: 

x 10 
cL, ) 
24 


16 x 
) + 0.1994991 (=) an 
cXr cL, 


x 30 

=" 

But, if values of x in degrees are to be substituted, the 
foregoing equation should be modified by the substitu- 








2 
-Y = 0.350 — 0.5794430 ( ) + 0.5631428 ( 


r 





0.4861947 ( 





0.0493802 ( 


12—Complete design graphs of automotive 
€ example. Accompanying work sheets show 


Vv 
details of many of the required calculations 
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tion of .x, = 63 deg and the combining of this term, 
raised to the indicated powers, with the numerical co- 
efficient of each power term. Then, the same equation 
is: 


c¥ = 0.350 — 0.1459922 (10) -5 x? + 0.5717590 (10) -18 xe 
0.7895169 (10) -29 216 + 0.1305473 (10) -43 x24 — 
0.5168165 (10) -55 x30 


Additional Factors: The foregoing example has high- 
lighted most of the significant details of the polydyne 
procedure. However, further commentary on some 
points may be helpful. 

At times, an additional design criterion can be called 
into use: the area beneath the displacement curve of 
the end element. In automotive work, this factor is a 
useful index of the “breathing” capacity of a valve 
system. Mere integration of the displacement equa- 
tions for several trial designs will yield areas that can 
be compared in relation to other properties of the sev- 
eral designs. Maximum areas are, at first glance, 
most desirable for valve applications but, on the other 
hand, dynamics of such a design may be unfavorable. 

Area under the displacement curve can be used in 
still another way. After preliminary exploration, an 
area factor can be set as one of the requisites of de- 
sign. Then, the displacement equation can be inte- 
grated, another power term added to accommodate 
the extra condition, and the area equation equated to 
the desired area. In automotive work, use of an area 
factor generally produces an unnatural acceleration 
curve in the negative region and corresponding poor 
conditions for the cam radius of curvature. However, 
it does have the advantage of yielding a somewhat 
lower maximum acceleration with a relatively large 
area beneath the curve. 

Another factor with polydyne cam design is the 
facility with which the system loading can be deter- 
mined. Actual loading at design speed can be easily 
found from the spring rate of the system and the dif- 
ference between equivalent cam deflection y, and end 
element deffection y (minus clearance). 

Application of the polydyne methods to constant- 
speed cam systems is particularly beneficial. As Fig. 
3 shows, vibration amplitude is zero at the selected 
constant speed (design speed). Another interesting 
point is also brought out by Fig. 3. At zero or very 
low speed, the end element acceleration curve would 
be the same as the equivalent cam acceleration curve. 
As the speed is increased, the end element accelera- 
tion curve changes until, at design speed, it attains the 
form established by the equation for y”. Beyond de- 
sign speed, the end element acceleration curve rapidly 
deteriorates and vibration amplitude increases. There- 
fore, if the cam were so designed that its acceleration 
were described by y” (instead of y,”), the accelera- 
tion of the end mass would go “out of control” be- 

yond zero speed. Vibration amplitude would increase 
beyond zero speed in somewhat the same manner as 
beyond design speed in Fig. 3. 

The equation presented in the example for radius of 
a cam curvature is for flat-face followers only. -Dud- 


163 





























ley* has established an equation for radius of cam 
curvature with a roller follower. Equations that are 
directly applicable in polydyne cam design for other 
types of followers may need to be developed. 

Significance of the fourth derivative of the end ele- 
ment displacement has been demonstrated in this ar- 
ticle. It, of course, directly influences the equivalent 
cam acceleration. Occasionally, the fifth derivative 
has also been used. It is directly related to the equiv- 
alent cam jerk and requires, of course, an additional 
power term in the equations. Automotive cams have 
been so designed with some success, but whether the 
additional work was justified by certain slight bene- 
fits is doubtful. Actually, in automotive cams of usual 
size, the influence of the fifth derivative control ap- 
peared in the fifth decimal place only. 


Conclusion: From the foregoing example two things 
of different virtue emerge: (1) The calculation pro- 
cedure seems to be complicated and tedious, and (2) 
properties of the end-element and of the cam are most 
certainly different. In a sense, one justifies the other. 

If the polydyne method is undertaken as a regular 
program in design, methods here outlined can be sys- 
tematized and simplified as personnel become familiar 
with basic procedures. A desk calculator and the 
work-sheet techniques may prove entirely adequate in 
many circumstances. However, if extended series of 
calculations are undertaken, then other time-saving 
methods might best be adopted. At Thompson Prod- 
ucts, tabulating equipment (IBM) was adapted to the 
work of calculating points on the various displacement 
and derivative curves. 

Additionally, the table of powers given in the first 
article of this series may prove inadequate because of 
the limited range of powers or number of places. More 
complete power tables in volume form are available. 
One such book is Mathematical Tables, Vol. IX, Table 
of Powers, published for the Royal Society at the 
University Press, Cambridge, England, 1950. 





*Winston M. Dudley—‘‘New Methods in Valve Cam Design,’’ SAE 
Quarterly Trans., Vol. 2, No. 1, January 1948, Page 19. 
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In view of the obviously more laborious nature of 
polydyne cam design, in contrast to the direct methods 
employed with conventional functions, one might ask: 
Is the method of enough value to warrant the effort? 
The answer lies in the design itself. 

No question remains in at least the automotive field. 
Value received from the method in contrast to past 
difficulties and compromises has already led to ac- 
ceptance of polydyne cam design by several automo- 
tive manufacturers. 

But, perhaps some physical criterion may serve to 
generally rate the utility of the method. That cri- 
terion might simply be the separation of the two dis- 
placement curves. The foregoing example has shown 
how the displacement curve for the equivalent cam de- 
parts from the corresponding curve of the end element. 

Observation of Fig. 12 shows that the maximum dis- 
tance between the two displacement curves is 0.026- 
inch; the average separation is about 0.012 inch. At 
the actual cam, because of the rocker arm ratio of 1.5, 
these distances are 0.017-inch and 0.008-inch respec- 
tively. These values are quite significant, whether 
compared with the maximum displacement (0.350/1.5 
= 0.233-inch) or with the acceptable range of error 
in the manufacture of cams. Commercial quality cams 
are produced with a total tolerance of +0.001-inch 
and a permitted spread at adjacent one-degree incre- 
ments around the cam of not more than +0.0001-inch. 

Although separation of the two displacement curves 
in relation to cam manufacturing tolerances may not 
be a precise index of the probable value of the method, 
it is adequate as a rorgh guide. A more critical in- 
vestigation might be made in terms of system clear- 
ance, spring factor p, and dynamic factor ¢. Approxi- 
mate evaluation of these terms would reveal the spe- 
cific sources of significant separation of the displace- 
ment curves as well as facilitate a study of the effects 
of redesign of any of the system components, in ad- 
vance of a full-stage cam calculation. 





Work Sheet 6—Equivalent Cam Displacement and Acceleration 











yy = 0.010976 + 1.015 y + 15 y” 


Yo" = 1.015 y” + 15 y" 
























Yo +1.015y +15y” Yo" +1.015 y” +15 y" 
Ye 
0 0.361846 + 0.355250 — 0.004380 0.000296 — 0.000296 
0.10 356512 349916 4380 296 296 
0.20 340508 333912 4380 296 —T—aa 
0.30 313829 307241 4373 294 296 + 0.0000002 
0.40 276592 269927 4311 284 292 8 
0.50 229177 222167 3966 243 268 26 
0.60 173294 164939 — 0.002621 —0.000107 —0.000177 71 
0.70 114187 101855 + 0.001356 + 0.000222 + 0.000092 131 
0.75 86807 70887 4944 446 335 + 0.000111 
0.80 63384 42979 9429 608 638 — 0.000030 
0.82 55474 33266 11232 621 760 140 
48451 24647 12828 583 868 285 

















42263 17274 14013 
0.88 36779 11261 14543 
31804 6658 14171 













27121 3426 12719 
0.94 22566 1426 10164 
18158 408 6774 


0.98 14174 + 0.000048 
1.00 0.010976 0 









+ 0.003150 
0 


455 
355 982 627 
761 

















79 
86 688 602 


















+ 0.000371 


584 + 0.000213 
0 + 0.000338 


+ 0.000338 
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Their Use in Design 









Even the "best" natural toler- 
ances can often be reduced 
by analysis of the component 
parts of the total variation 


prevention of defects and all else is secondary. 

The designer should try to put into his machine 
design an ability to function only within acceptable 
limits. He must know how causes of difficulties can 
be most readily found. Experience along these lines 
will make him a better designer. 

Stage one of the subject has been touched upon in 
the preceding articles: at times machine capability can 
be statistically determined to be less than specification 
allowances; and it can be kept at its minimum spread 
by using a control chart. This article will enter upon 
two further stages of analysis that can be very helpful 
when trouble develops. Trouble here means a situa- 
tion that does not resolve itself by the application of 
& control chart or of a Lot Plot. The chart keeps out 
assignable causes of more ‘than the inherent variation 


ene stated, the basic objective of SQC is the 


MACHINE DESIGN—March 1953 








Fig. 49—Control charts can be used to eliminate as- 
signable causes of more than inherent variation in a 
machine design 


in a machine design and warns of changes, Fig. 49. 
The Lot Plot can reveal distributions that are out of 
position or that contain more than one pattern (multi- 
modal histograms). 


The “Out-of-control” Case: This is stage two of the 
three methods. As an instance, suppose a sum and 
range chart shows some points beyond control limits. 
Further, assume that all of the usual] steps to correct 
the process or machine variation have been taken; 
ones that have been successful in the past for similar 
cases. If none of these trials brings results, even 
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Fig. 50—Inherent or expected variations in the per- 
formance of a mechanism such as this governor unit 
can be reduced or minimized by SQC methods 


with one or two new ideas, some real trouble-shooting 
is necessary. 

To track down an assignable cause of extra varia- 
tion, start by listing all suspected causes of such 
variation. Then, devise a method to measure each 
suspected cause and take thirty readings of each, 
making sum and range charts with subgroup sizes of 
three. For each case of all the points falling within 
the control limits, cross out that suspected cause from 
your list. Readings that vary in accordance with pure 
chance stand for a condition that normally will have 
only a pure chance effect, if any at all, on a subsequent 
result. Such a reading will not prove to be an assign- 
able cause. 

If, in any trial, all the points do not lie within the 
control limits calculated from the suspected data, then, 
more likely than not, that cause is assignable. Ap- 
propriate steps must then be taken to bring the varia- 
tion back into a chance pattern. One such step could 
be using a control chart for the next production run 
and then recharting the final results to confirm that 
all assignable causes have left. 
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Improving an Operation Within Control: When a 
control chart shows an operation is running within 
statistical control, the “best” apparent results are be- 
ing obtained from the combination of machine, mate- 
rial, and control. Only inherent variables exist; no 
causes of extra variation are acting to make the 
spread of readings or natural tolerance any larger 
than it need be. 

It is of particular interest to the designer that this 
“best” can be made better, Fig. 50. By a third basic 
stage of analysis of the situation, natural tolerances 
can often be reduced. 

Although the variation is an inherent characteristic 
of the operation, the total built-in variation can be 
broken down into components in order to check the 
relative magnitude of each. Usually one or, some- 
times, two parts contribute to a much greater extent 
than the others to the total variation. This fact may 
be the much needed clue to lead a trouble shooter to 
that part of the problem where effort can be most 
rewarding. 

Considering in general terms any sort of an opera- 
tion—forming a dimension on a piece, heat-treating a 
lot of material in one or more furnace loads, or proc- 
essing chemicals in some sort of a solution, etc.—it is 
appropriate to term the item on which the variation is 
to be checked as a “batch’’, even though the word piece 
or unit might be more appropriate in the machine 
design field. 

Total variation should be separated jnto three com- 
ponents. The first is the variability within the batch. 
In a solution it may be the result of improper mixing, 
while mechanically we could be talking about out-of- 
round, taper, or variation in hardness throughout a 
piece. Errors in measurement also can contribute to 
this within-piece category. To assess its magnitude 
more than one reading is necessary from each batch 
or on each piece in different regions. 

Another component can be batch-to-batch varia- 
bility: the difference between one unit of product and 
the next. One end of the rod of raw bar stock, from 
which several parts will be cut, can differ from the 
other. Machine adjustment difficulties of one type or 
another or using different starting points tend to in- 
crease this piece-to-piece variation. 

Time-to-time variability comprises the last major 
component for this breakdown. Tool wear, different 
operators, the raw material varying among lots, or 
other such long-term circumstances bring about this 
sort of variation. 

The Multi-Vari chart, Fig. 51, graphically portrays 
the relative magnitude of these three components, not 
only with respect to each other but also to the allow- 
able spread between specification ‘limits.1 To under- 
stand this diagram imagine a simple situation, the 
turning of the outside diameter of a cylindrical piece. 
The left-hand scale would represent diameter sizes, 
going from just below the lower to just above the up- 
per specification limit. Three or four measurements 
are made on the diameter of each piece turned on the 
lathe. Each heavy vertical mark shows the range of 
readings from one piece of product. The smallest di- 
ameter measured on that piece lies at the bottom of 


1 References are listed at end of article. 
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the mark while the top of the line stands for the larg- 

est. So the length of the line represents the amount 
of out-of-round. You can, by eye, estimate the position 
of the center of each of these lines as the average di- 
ameter. 

Besides out-of-round, the length of lines can serve 
to indicate many other forms of “within-batch” varia- 
tion. Taper and nonuniform hardness per piece were 
mentioned before. Others are thickness and misalign- 
ment variations found as out-of-parallel, eccentricity 
and out-of-square readings. 

Referring to the left-hand section of the chart— 
Type I condition, excessive variability within batches 
—the piece-to-piece variation (from the center of one 
line to each other mid-point) is extremely small in 
comparison to the distance between specification lim- 
its. Time-to-time variation in this same section is 
also small, the situation at 9 am being not radically 
different from that at 10 am when five additional 
pieces were measured, etc. The large amount of out- 
of-round per piece, within-piece variation, however, 
runs to about 120 per cent of the maximum tolerance 
allowed. 

The middle section of the chart illustrates a large 
Type II component, the change from batch-to-batch 
or piece-to-piece being excessive. The out-of-round ac- 
counts for only about thirty per cent of the tolerance, 
while the differences among the centers of the lines 
use up virtually 100 per cent of the permitted spread. 
Time-to-time is again small. At each hour the picture 
closely duplicates itself. 

The third example shows quite acceptable within- 
piece as well as piece-to-piece variation. Too much of 
the tolerance is taken up by the scatter of time-to- 
time results. 

If the Multi-Vari chart looks something like the 
Type I case, then the operation of the machine should 
be diagnosed for clues among the things that can 
cause out-of-round. It might perhaps be a misaligned 
chuck or spindle, an eccentric bearing, or insufficient 
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rigidity of part of the machine or the work itself. 
Adjustments or design changes can be made that 
would be suggested by these clues. 

As each alteration is tried, another Multi-Vari chart 
can be run for checking the new results. If all of the 
lines shown in the Type I case measurably shorten but 
now seem to be running so that their center points 
are all about half way between the middle and the 
upper specification limit, it will be known that the 
correction has primarily been successful. But now 
the setting needs to be reduced somewhat to bring all 
the material well to the middle of the chart. 

If, instead, the chart takes on the appearance of 
Type Il, great batch-to-batch variability, then look for 
things that can make one piece, motion, etc., quite dif- 
ferent from the next. In the case mentioned, non- 
uniform chucking, too much change in the amount 
of material to be removed, a loose tool, etc., might be 
suspected. 

The large time-to-time pattern shown as Type III 
could perhaps lead to such findings as excessive hard- 
ness differences among groups of incoming raw mate- 
rial, or gradual changes in the coolant used or the lu- 
bricant employed. 

Both before using a Multi-Vari chart and after mak- 
ing successful changes, ‘a control chart could still run 
in control. With a basic change having been made in 
the process or design, the second chart will show a 
reduced natural tolerance. 


Where to Trouble Shoot? When an uncomfortable 
percentage of end product has an undesirable charac- 
teristic, or one that is running beyond limits, it may 
or may not be clear which step in the process is di- 
rectly contributing to the trouble. When it is known 
exactly where, but not what the trouble is, one of the 
three steps just described serves to bring about the 
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Fig. 51 — A Multi-Vari 
chart shows the relative 
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necessary correction. But there are times when sev- 
eral operations may quite reasonably be singly or 
jointly suspected, and other supplementary aids may 
be effective. 

Relatively straightforward steps can localize the 
difficulty when the final property or characteristic 
involved can be measured during the process of man- 
ufacture. An example might be a finished plated prod- 
uct found to have a high rate of rejection for mag- 
netic-particle test indications brought about by cracks 
in the material. Magnetic testing of parts both before 
and after the plating operation indicates that the rate 
of rejection is significantly greater after as compared 
with before plating. Hydrogen embrittlement com- 
monly results with such a plating process and is par- 
ticularly troublesome above a certain hardness of 
material. 

The usual solution is to relieve the embrittlement by 
a furnace treatment directly following the plating. 
But here, for some reason, the trouble occurs so soon 
after the plating process that there is not time enough 
to relieve it sufficiently to cut down the incidence of 
cracking. The problem then becomes: which of the 
many previous machining or grinding operations 
might be “abusing” or “prestressing” the material to 
such an extent that the adsorption of hydrogen on the 
surface of the part during plating quickly leads to 
cracking? 

To resolve this problem samples of semifinished 
pieces after each operation could be brought to the 
plating bath. Results of magnetic-particle tests fol- 
lowing the plating would show clearly which step or 
steps were responsible. Once discovered, the next 
move would be to change feeds, speeds, grit of wheel, 
or the like until a combination was found that would 


















Fig. 52—Typical clues that might be investi- 
gated when material moves along four sepa- 
rate paths 


Roughing Finishing 



































i* Shift =< | =~) 
. ii 
3 ite. 
2™4 Shift a <a 6 enema i) 
= Paths Showing Trouble Trouble Source May Be 
land 2 i*' Shift roughing 
2and 4 2” Shift finishing 
~ fe 
1 ! Shift supevision 
== - — —_____— +— ———————— — 

2 2” Finishing operator doesn’t 
compensate for | roughing 
operator’s difficulties 

2and 3 Poor coordination of instructions 
between shifts 
1,2,3. and 4 Equipment rather than operators, 
but there are other possibilities 








168 


QUALITY CONTROL METHODS 


not result in such destructive action before the hy- 
drogen-embrittlement relief could take care of the 
plated pieces. 


Parallel Paths: Sometimes more than one produc- 
tion line turns out similar articles. More often just 
one or two of the several operations on a product can 
take place on duplicate fabrication equipment. So an 
item of product may take one of several paths. When 
more than one operator runs a machine, as in the case 
of multishift operation, the work that is handled by 
one operator may be said to follow a different path 
than that handled by the other shift worker. 

Lot Plots or control charts can be run after each of 
various steps of a parallel-path operation in order to 
pinpoint the particular operator or piece of equipment 
that might be contributing to the difficulty. But other 
characteristics of such duplicate work need to be con- 
sidered in this use of statistical analysis. Picture a 
roughing followed by a finishing operation. Normally, 
it may not be the case that pieces at the end of the 
line followed only one of two paths, if single produc- 
tion machines with two-shift operation were employed. 
Some of the second-shift roughing may be finished on 
the first shift and vice-versa along with work that 
followed entirely on one shift. 

One logical approach might be to see whether the 
natural tolerance of each roughing “machine-operator” 
is not too variable. There may be too much difference 
among the “starting points” for finishing. But as a 
real aid to this problem earmarking of certain pieces 
in advance to follow given paths can be tried. Then 
the results can be correlated with the particular cul- 
prit, which may be any one of the four machine- 
operator combinations: the roughing operation with 
either one of its two operators, or the finishing with 
its two-shift workers. Still other sources of trouble 
may be indicated, as in Fig. 52. 

As a general rule, with several items of similar fab- 
rication equipment, or several operators doing the 
same job, almost always a rather good performer 
and/or a rather poor performer can be found, Con- 
trol charts or Lot Plots that show the capabilities of 
each serve as a good first step to pick them out. The 
trouble shooting then consists of attempting to deter- 
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Fig. 53—Different capable operators or differ- 

ent acceptable machines doing the same job can 

result in this type of mixed output, too wide 
to meet specifications 
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mine what needs to be done to the poor machine or 
operator to return the performance level to more 
nearly average. And even more important would be 
an investigation to find out why the best one is that 
good. A discovery here could lead to a most worth- 
while change to all the other machines or operators. 

As another characteristic of such multipath opera- 
tions, the large variability found in the final product 
may not be traced to a great variability in any one 
step of the process. Instead, there may be similar 
operations that differ in their average position, even 
though their spreads are acceptably narrow. A mix- 
ing of the different averages produces a final output 
of much greater variability, as shown in Fig. 53. 

In some cases the performance at any one step of a 
process is not measurable, but can only be counted in 
terms of good and bad material, or good and bad 
areas on the item of product. Then the standard at- 
tribute control charts of the p or the c type are the 
effective tools for statistical analyses. 


Characteristics Only in the Final Product: Some 
processes can not be considered as made up of steps 
between which you can measure an effect on the de- 
sired final property or dimension. The property in 
question may not exist until a series of operations 
has taken place. The operating characteristics of an 
hydraulic pump, an electric motor, or an electronic 
vacuum tube are not things that can be handled by the 
procedures so far described. 

First characteristic to seek is one that may be re- 
lated to the final one but which itself may be measured 
at various steps of the process. Examples might be 
the clearances in the pump as determined by the di- 
mensions of two mating parts, or the electrical char- 
acteristics of the field and armature windings in the 
electric motor. 

Failing this approach parallel paths may be found 
or even created by adding some processing equipment, 
perhaps in the laboratory or in experimental opera- 
tions. With this arrangement a small sample can be 
taken from the production streams at each of various 
steps of the process. Finishing of the sample parts 
can then be done using the parallel-path equipment. 
Comparisons between the product coming from the 
normal path and that bled off at various stages of the 
process should point to the stage at which trouble 
first “appeared” in the shunted-off sample. 

If a particularly elusive relationship does not re- 
veal itself by any one of the methods described, all is 
not lost. Two other techniques, extremely powerful 
in their analytical value, are available. Unfortunately 
they are beyond the scope of a series of articles such 
as this, but the interested reader can secure two ex- 
cellent references. One is correlation analysis? and 
the other is analysis of variance.* These methods 
‘ permit the design of experiment mathematically to 
hold “constant” all other factors while the particular 
relationship being studied can be assessed. These pro- 
cedures are much more economical than the classic 
plan of attempting to hold all variables physically con- 
Stant while varying the one of primary interest. Ac- 
tually these methods become the only practical solu- 
tion since it is virtually impossible to hold any number 
of pertinent things really fixed while going through 
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the experimental tests. It must of course be empha- 
sized that such more involved statistical approaches 
should be applied only when the more straightforward 
trouble-shooting steps described previously fail to 
show clearly and much more simply where your diffi- 
culty may lie. 

Most of the work in correlation analysis and in anal- 
ysis of variance has come from research in biology, 
genetics and agriculture. But the trouble-shooter will 
find that he can profitably use these same techniques 
in solving some of the problems of the mechanical de- 
signer. 

The phrase “trouble shooting” has been used lib- 
erally in this part of the series. It should now be clear 
that we are referring to a practice that may carry 
many another label. Whatever the name, it can profit 
from the application of the scientific method involving 
statistical analysis, whether the work be in the labora- 
tory, in production engineering, in inspection, or in 
quality control. The latest name for a conglomeration 
of the various useful techniques and an extension of 
the program beyond mere trouble shooting, shall we 
say, is called Operations Research. The next and con- 
cluding part of this series will discuss this latest and 
most interesting development in methodology. 
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They say... 


“American industry has a world-wide reputation for 
building quality products. Perhaps they are some- 
times too good, in the sense that they still have a high 
percentage of their life left when they are obsolete. 
With the supply of many of our essential materials of 
construction critically short, we need to take a very 
careful look at our production picture to establish 
whether we have, in our designs, the proper mix and 
type of materials that will conserve those which will, 
in the future, be most critical of supply.”——F. R. BENE- 
DICT, assistant engineering manager, industrial prod- 
ucts divisions, Westinghouse Electric Corp. 


“. . . research science has outstripped the capacity 
of the solitary worker. Research, in plain words, has 
become too involved, too intricate, and too expensive. 
A few test tubes, a microscope and a machine shop 
are no longer enough to do basic research.’’—NEIL MC- 
ELrRoy, president, The Procter é Gamble Co. 


Correction 


In the December article, “High-Capacity Gearing,” 
two errors occurred on Page 139. In Equation 5, the 
constant should be 12.9 instead of 9.7. Also, in the 
Nomenclature on Page 139, pitch angle of the bevel 
pinion should be identified as tan y = Dp/Dg instead 
of D,/Dp. 
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— -MULTISTAG 
SEALING 


... for rotating shafts operating at 
elevated pressures and temperatures 


By A. F. Saxon 


Chief Mechanical Engineer 
Process Equipment Dept. 
Blaw-Knox Co. 
Blawnox, Po. 


EALING a rotating shaft against pressures to 
5000 psi at temperatures to 600 F demands more 
than ordinary means of sealing. How multistage 

sealing can be effectively applied under such service 
conditions is demonstrated by the autoclave design 
shown in Figs. 1 and 2. Experimental models of the 
stuffing ‘box have been successfully operated at pres- 
sures of 10,000 psi and higher. 


Design Objectives: For sealing rotating shafts 
against pressures of 200 to 300 psi, the rotary me- 
chanical sea] is generally satisfactory and, when 
properly run in, gives long service life. However, if 
the limitations of the mechanical seal are exceeded, 
some form of packing becomes necessary. The use 
of packing in a stuffing box to seal rotating shafts en- 
tails recognition of two basic factors: first, the pack- 
ing will eventually fail and second, the portion of the 
shaft in contact with the packing will wear. There- 
fore, consideration must be given to the rapid and 
easy replacement of worn parts. 

Maintenance accessibility becomes particularly im- 
portant in large agitated pressure vessels, such as 
autoclaves. The portion of the agitator shaft which 
extends into the vessel may be of large diameter and 
is often an expensive material. For example, stain- 
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less steel or nickel are often specified for corrosion re- 
sistance and other properties. In an advantageous 
stuffing box construction, this section of the shaft 
would not be disturbed during repacking. Also, if 
there is no contact between the packing and this shaft 
section, shaft replacement because of wear will not be 
required. 
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Thus, the features to be desired in a stuffing box 
are long life of packing, minimum shaft wear and ease 
of maintenance. Experience has shown that in a stuff- 
ing box of short length, properly lubricated and sealed 
against low pressure, packing and shaft life are much 
greater than for the conventional high-pressure con- 
struction which merely employs longer sets of packing 
to provide necessary sealing. Moreover, in the con- 
ventional high-pressure construction, only a few of 
the packing rings provide sealing and, at the same 
time, cut deep grooves in the shaft. The longer pack- 
ing sets also tend to upset, a condition which prevents 
their functioning equally. For these reasons, equal 
pressure drops across each packing ring are desirable 
under high-pressure operation. Bearing pressures ex- 
erted on the shaft are then equalized. 

Other requirements for satisfactory high-pressure 
stuffing box life and service are good lubrication and 
ample cooling. Length of packing sets should permit 
a small amount of lubricant to seep past on the wear- 
ing surface, supplying all rings with an amount ample 
for hydraulic sealing action. Cooling of shaft and 
packings must be adequate to dissipate the heat gen- 
erated by friction. 


MACHINE DESIGN—March 1953 


Design Details: The design of the stuffing box 
evolved to meet the basic requirements just discussed 
is shown in Fig. 2. Self-actuating (self-sealing) pack- 
ing is used in stages to secure long packing life and 
minimum shaft wear. Each stage or length of pack- 
ing is short enough to prevent overturning of the 
packing rings and operates independently of the 
others. The only source of pressure applied to the 
packing is the operating pressure. 

To prolong life of wearing parts, an oil system main- 
tains the circulating oil at a pressure 100 to 300 psi 
above the vessel pressure. Any leakage will thus 
be toward the inside of the vessel. Also, the differen- 
tial pressure will not exceed the limitations of the ro- 
tary mechanical seal. Furthermore, the outer packing 
will be subjected to a pressure which is the sum of the 
vessel pressure and the differential pressure. For 
autoclave processes, full pressure is usually employed 
only for relatively short periods of time in “batch” 
runs. Since the packing is self-actuated by the ap- 
plied oil pressure, life of the packing is increased. 

As oil flows from within the stuffing box, it is re- 
turned to an oil reservoir at atmospheric pressure. 
The pressure drop in the oil system then is the sum 











of the autoclave pressure plus the differential pres- 
sure. If the inner vessel of the autoclave is operating 
at 3000 psi and the preset differential pressure is 300 
psi, total oil pressure drop through the stuffing box 
to the reservoir would be 3300 psi. Thus, for the 
three-stage stuffing box in Fig. 2, there would be a 
pressure drop of 1100 psi across each stage. This 
measured pressure drop across each stage is achieved 
with coils of capillary tubing made up in appropriate 
lengths. These elements act as hydraulic resistors 
to cause a predetermined pressure drop of the circu- 
lating oil across each stage. The last coil reduces the 
pressure to atmosphere. Coil arrangement is shown 
in the inset view of Fig. 2. 

Differential oil pressure is maintained at a preset 
value above the autoclave pressure by a diaphragm 
air motor which regulates the delivery of a variable- 
delivery high-pressure pump. Operation of the air 
motor is controlled by a differential pressure controiler 
which has for its primary pressure, the autoclave pres- 
sure, and for its secondary pressure, the pressure of 
the circulating oil as it enters the stuffing box. The 
preset oil pressure differential is maintained from zero 
to the highest autoclave pressure. 

In addition to shaft cooling, the circulating oil is 
cooled as it passes through each coil of capillary tub- 
ing by a water jacket. Also, an oil cooler is provided 
at the pump. To prevent clogging of the system by 
stray particles, oil filters are provided at each packing 
stage and at the pump. The pump is protected against 
full shut-off by a relief valve which bypasses the oil 
into the return system. 


Fig. 3 — Blaw-Knox 600-gallon, 3000-psi autoclave 
equipped with staged-type stuffing box employed in 
chemical processing 








For ease of maintenance, a two-piece splined shaft 
is used in the stuffing box. The lower part of the 
shaft is rigidly mounted in the cover of the vessel on 
antifriction bearings along with the rotary mechanical 
seal since these parts require only infrequent attention. 
The upper or driving portion of the shaft is mounted 
in a readily removable cartridge by antifriction bear- 
ings. This cartridge also contains the pressure pack- 
ing set and the coils of capillary tubing. Removal of 
the cartridge does not disturb the lower portion of the 
shaft and parts may be easily inspected and replaced. 
If continuous operation with minimum interruption is 
desired, a spare cartridge may be maintained as a 
standby replacement and repacking of one unit may 
be accomplished while the other is in service. 

This stuffing box design has particular value for 
use on vessels working with contents which would be 
hazardous or toxic when freed to the atmosphere. The 
preset oil pressure differential maintains pressure to- 
ward the inner vessel and any leakage from the stuff- 
ing box will merely be oil seepage. A typical indus- 
trial application of the stuffing box is shown in Fig. 3. 


Retaining Rings Simplify Design 


We is reduced approximately 16 per cent 
and the machining of threads js eliminated by 
the use of retaining rings in the Airborne Accessories 
Corp. Anglgear. The original design required two 
threaded nuts to lock bearings in place and eight 
screws and washers to position bearing and shaft as- 
semblies. In the new design, three Waldes Kohinoor 
inverted retaining rings provide a shoulder to lock the 
bearings in place and position bearing and shaft 
assemblies. Another ring locates ball bearings. The 
rings take all thrust load from the gear assembly. 









NEW DESIGN 
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Gear Ratio Logarithms 


(MACHINE DESICN 


By George M. Mencke 
Wilmette, Illinois 


Part 2-Combinations for 121 to 150 Teeth 


EAR LOGS, the logarithms corresponding to the 
ratios of the numbers of teeth in pairs of gears, 
can often facilitate selection of gear pairs or 

combinations having the correct number of teeth to 
produce a desired ratio. TABLE 1, containing all 
possible ratios obtainable from the numbers 16 
through 120 (approximately 3500 ratios), was pre- 
sented last month, and various methods of applica- 
tion of the table were covered. The accompanying 
ratios, TABLE 2, include numbers from 121 through 
150 in combination with other numbers in that range 
and also with the numbers from 16 to 120. The 
highest ratio in TABLE 2 is 150/16; the lowest is 
150/149. No ratio of TABLE 1 is duplicated by the 
approximately 2300 ratios in this table. 

This second table makes possible the selection of 
gear pairs for ratios between 71%4 to 1 (120/16) and 
934 to 1 (150/16). Ratios from TABLE 1 with ratios 
from TABLE 2 may produce more accurate answers 
than would be possible if only one table were used. 
Moreover, in combinations, different pairs may con- 
tain common multiples that can be cancelled out with 
a consequent reduction in numbers of teeth in the 
gears. Metric conversions can be performed using the 
many gear ratios in this table which include the num- 


106 39 
106 _ 
| WAZ 108 = a.n79487 


Two-gear combination from Table 1 





125 + 
| 429 = 2.7173913 
| Two-gear combination from Table 2 


1253 | 


(752) (82) = 2.282540 


1267 | 


"4 
137 SO 


Four-gear combination from Table 2 























Fig. 2—Three gear ratio approximations of e¢ 
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ber 127 (5 x 25.4 mm per inch). 

Values in TABLE 2, of course, are used in the same 
manner as those in TABLE 1. To illustrate the use 
of the table, the value for e, 2.718218, will be used. 
The logarithm of e is 0.4342945. A single ratio ap- 
proximation from TABLE 2 is 125/46 whose log is 
0.4341522, and which equals 2.7173913. An error of 
approximately one part in 3000 would result if this 
ratio were used. In this instance, TABLE 1 contains 
the ratio 106/39 whose log is 0.4342413 and equals 
2.7179487. This result is more accurate than the ratio 
obtained from TABLE 2. If greater accuracy is re- 
quired, ‘a two-ratio combination can be selected. 


Two Ratio Combination: Employing a technique 
described in Part 1, that of reversing the driver 
driven relationship, and choosing one ratio from the 
low increment portion of the table approaching the 
ratio one to one, yielded the following two-ratio 
combination for the ratio 2.7182818 or e with only 
a few trials: 

log e = 0.4342945 
log 126/125 = 0.0034605 


log of second ratio = 0.4377550 


From TABLE 2, the best value is log 137/50 = 
0.4377506. Inverting ‘the first ratio and checking, 
(125/126) (137/50) = 2.7182540 


The 125 and 50-tooth gears can be altered, of course, 
to provide for other possible conveniences in design 
without affecting the overall ratio. Instead of 125 
and 50, for example, 50 and 20 or 45 and 18 might 
be employed. 

This two-ratio combination is in error by less than 
one part in 90,000. Using a three-ratio combination 
would probably not result in much greater accuracy 
in this instance. However, the possibility of achieving 
higher accuracy with a three-ratio combination always 
exists. Another point which should not be overlooked 
is that TABLE 1 and TABLE 2 supplement each other. 
The most accurate solution will many times result 
from combining ratios from both tables. 
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150/16 
149/16 
148/16 
147/16 
146/16 


145/16 
9/1 
143/16 
142/16 
150/17 


141/16 
149/17 
140/16 
148/17 
139/16 


147/17 
138/16 
146/17 
137/16 
145/17 


136/16 
144/17 
135/16 
143/17 
134/16 


142/17 
150/18 
133/16 
141/17 
149/18 


132/16 
140/17 
148/18 
131/16 
139/17 


147/18 
130/16 
138/17 
146/18 
129/16 


137/17 
145/18 
8/1 
143/18 
135/17 


127/16 
150/19 
142/18 
134/17 
126/16 


149/19 
141/18 
133/17 
125/16 
148/19 


140/18 
132/17 
124/16 
147/19 
139/18 


131/17 
123/16 
146/19 
138/18 
130/17 


y §=6- 145/19 
122/16 
137/18 
129/17 
144/19 


121/16 
136/18 
128/17 
143/19 
142/19 


lo« 


.9719713 
- 9690663 
-9661417 
-9631973 
-9602329 


-9572480 
-9542425 
-9512160 
-9481683 
-9456424 


-9450991 
-9427374 
-9420080 
-9398128 
- 9388948 


-9368684 
-9357591 
-9339040 
-9326006 
-9309191 


.9294189 
.9279136 
-9262138 
.9248871 
.9229848 


-9218394 
-9208188 
.9197316 
-9187702 
-9179138 


-9164539 
-9156791 
-9149892 
-9131513 
-9125659 


-9120448 
-9098234 
-9094302 
-9090804 
-9064697 


.9062717 
.9060955 
.9030900 
.9000635 
. 8998849 


.8996837 
-8973377 
.8970158 
.8966559 
-8962505 


.8944327 
.8939466 
-8934027 
.8927900 
.8915081 


-8908555 
-8901250 
-8893017 
.8885637 
-8877423 


.8868224 
-8857851 
-8855993 
-8846066 
-8834945 


-8826044 
-8822398 
-8814481 
-8801408 
-8796089 





Ratio 


127/17 
149/20 
134/18 
141/19 
126/17 


148/20 
133/18 
140/19 
125/17 
147/20 


132/18 
139/19 
146/20 
124/17 
131/18 


138/19 
123/17 
130/18 
137/19 
144/20 


122/17 
129/18 
136/19 
143/20 
150/21 


121/17 
128/18 
135/19 
142/20 
149/21 


127/18 
134/19 
141/20 
148/21 
7/1 


146/21 
139/20 
132/19 
125/18 
145/21 


138/20 
131/19 
124/18 
144/21 
137/20 


130/19 
123/18 
150/22 
136/20 
129/19 


122/18 
149/22 
142/21 
128/19 
148/22 


121/18 
141/21 
134/20 
127/19 
147/22 


133/20 
146/22 
126/19 
139/21 
132/20 


145/22 
125/19 
138/21 
131/20 
144/22 


124/19 
137/21 
150/23 
123/19 
149/23 


Log 


-8733548 
-8721563 
-8718323 
.8704655 
-8699216 


.8692317 
-8685791 
-8673744 
-8664611 
-8662873 


.8653014 
8642612 
.8633229 
8629728 
.8619988 


-8611255 
-8594562 
-8586709 
-8579670 
-8573325 


-8559109 
-8553172 
-8547853 
-8543060 
-8538720 


.8523365 
-8519375 
-8515802 
-8512583 
-8509670 


-8485312 
-8483512 
-8481891 
-8480424 
-8450980 


-8421336 
-8419848 
-8418203 
-8416375 
-8391487 


-8388491 
-8385177 
-8381492 
-8361432 
-8356906 


-8351898 
-8346326 
-8336686 
-8325089 
-8318361 


-8310873 
-8307636 
.8300690 
-8284564 
.8278390 


-8275129 
-8269998 
-8260748 
-8250501 
-8248946 


-8228216 
-8219302 
-8216169 
-8207955 
-8195439 


-8189453 
-8181564 
-8176598 
-8162413 
-8159398 


-8146681 





Ratio 


136/21 
123/19 
142/22 
129/20 
148/23 


135/21 
122/19 
141/22 
128/20 
147/23 


134/21 
121/19 
127/20 
146/23 
133/21 


139/22 
145/23 
126/20 
132/21 
138/22 


144/23 


140/22 


149/24 
124/20 
130/21 
136/22 
142/23 


123/20 
129/21 
135/22 
141/23 
122/20 


128/21 
134/22 
140/23 
146/24 
121/20 


127/21 
133/22 
139/23 
145/24 
6/1 


149/25 
143/24 
137/23 
131/22 
125/21 


148/25 
142/24 
136/23 
130/22 
124/21 


147/25 
135/23 
129/22 
123/21 
146/25 


134/23 
128/22 
122/21 
139/24 
133/23 


127/22 
150/26 
121/21 
144/25 
132/23 


Log 


-8113196 
-8111515 


.8098656 


-8095597 


-8085339 


8081145 


.8076062 
8067964 


-8061800 


.8055895 


.8048855 
.8040318 


-8027737 


.8026251 


-8016323 


.8005921 
- 7996402 
. 7993405 
- 7983546 
- 7974564 


-7966347 


- 7950520 
- 7946082 
. 7942979 
-7937053 


-7929751 
-7923917 
-7917241 
.7911162 
- 7905605 


. 7888751 
- 7883704 
- 7879111 
-7874913 
- 7853298 


- 7849907 
- 7846821 
- 7844002 
-7841417 
- 7817554 


-7815844 
-7814289 
- 7812870 
-7811568 
-7781513 


- 7752463 
- 7751248 
- 7749928 
- 7748486 
- 7746907 


- 7723217 
- 7720771 
-7718111 
-7715207 
- 7712024 


-7693773 


.7664129 


- 7653770 
- 7647873 
-7641405 
-7628036 
-7621238 


-7613810 
-7611180 
- 7605661 
- 7604225 
- 7588461 


-7582130 
- 7579478 
-7573940 
- 7565004 
- 7555435 





GEAR LOGS .9719713 TO .5493537 


Ratio 


148/26 
125/22 
142/25 
147/26 
130/23 


141/25 
124/22 
146/26 
129/23 
123/22 


134/24 
145/26 
128/23 
139/25 
122/22 


133/24 
144/26 
127/23 
138/25 
149/27 


148/27 
137/25 
126/23 
142/26 
131/24 


136/25 
125/23 
141/26 
130/24 
146/27 


135/25 
124/23 
140/26 
145/27 
134/25 


137/26 
121/23 
142/27 
131/25 
136/26 


146/28 
125/24 
130/25 
135/26 
140/27 


145/28 
150/29 
129/25 
134/26 
139/27 


149/29 
128/25 
133/26 
143/28 
148/29 


122/24 
127/25 
132/26 
137/27 
142/28 


147/29 
121/24 
126/25 
131/26 
136/27 


Log 


- 7552884 
- 7544873 
- 7543483 
- 7523440 
- 7522156 


-7512791 
-7509990 
- 7493796 
- 7488619 
- 7474824 


. 7468936 
- 7463947 
- 7454822 
. 7450748 
-7439371 


- 7436414 
- 7433892 
. 7420759 
- 7419391 
- 7418225 


. 7388979 
- 7387806 
- 7386427 
- 7373150 
- 7370601 


- 7355989 
-7351822 
- 7342458 
- 7337322 
- 7329891 


- 7323938 
- 7316939 
-7311547 
- 7300042 
-7291648 


. 7289333 
-7281773 
-7280415 
- 7260283 
-7259116 


- 7249058 
- 7246320 
. 7239722 
- 7235925 
- 7226339 


-7217473 
-7210576 
-7209245 
-7193313 
- 7185656 


-7171949 
-7166988 
-7160034 
-7153605 
-7147642 


-7142100 
- 7136933 
-7126497 
-7121315 
-7116510 


. 7107883 
-7092700 
- 7088783 
-7081780 
- 7078637 


- 7061486 


-7049193 
-7025742 
- 7024305 

022980 


7 
- 7021751 





Ratio 


141/28 
146/29 
5/1 
149/30 
144/29 


139/28 
134/27 
129/26 
124/25 
148/30 


143/29 
138/28 
133/27 
128/26 
123/25 


142/29 
137/28 
127/26 
122/25 
146/30 


141/29 
131/27 
126/26 
121/25 
150/31 


140/29 
135/28 
130/27 
125/26 
149/31 


139/29 
134/28 
148/31 
124/26 
143/30 


138/29 
133/28 
147/31 
128/27 
142/30 


123/26 
137/29 
146/31 
127/27 
122/26 


136/29 
131/28 
145/31 
135/29 
121/26 


144/31 
130/28 
139/30 
125/27 
134/29 


143/31 


133/29 


142/31 
137/30 
132/29 
141/31 
127/28 


136/30 
145/32 
122/27 
131/29 
140/31 


149/33 
148/33 
139/31 
130/39 
121/27 


Log 


- 7020611 
- 7019549 
-6989700 
-6960650 
-6959645 


-6958568 
-6957410 
-6956164 
-6954817 
-6931404 


-6929380 
-6927211 
-6924878 
-6922367 
-6919651 


.6898903 
-6895626 
-6888304 
.6884198 
-6872316 


.6868211 
-6859075 
-6853972 
-6848454 
-6847296 


-6837300 
-6831758 
.6825796 
-6819367 
-6818246 


-6806168 
.6799468 
-6789000 
-6784484 
.6782147 


.6774811 
-6766936 
.6759556 
-6758462 
-6751670 


.6749318 
-6743226 
-6729912 
-6724399 
-6713865 


-6711409 
-6701133 
-6700063 
-6679358 
-6678121 


-6670008 
-6667854 
-6658935 
-6655462 
-6647068 


-6639743 
-6634317 
-6621673 
-6620579 
-6614536 


-6609266 
-6595993 
-6581759 
-6578574 
-6566457 


-6564176 
-6562180 
-6549960 
-6548733 
-6547663 


-6546724 
-6517478 
-6516531 
-6515454 
.6514216 





Ratio 


143/32 
134/30 
125/28 
138/31 
129/29 


133/30 
146/33 
137/31 
128/29 
141/32 


145/33 
123/28 
136/31 
149/34 
127/29 


131/30 
122/28 
135/31 
149/33 
126/29 


139/32 
134/31 
121/28 
125/29 
142/33 


133/31 
137/32 
124/29 
128/30 
145/34 


132/31 
149/35 
140/33 
123/29 
127/30 


148/35 


131/31 © 


135/32 
139/33 
122/29 


143/34 
130/31 
138/33 
121/29 
146/35 


129/31 
133/32 
137/33 
141/34 
149/36 


124/30 
128/31 
136/33 
144/35 
127/31 


131/32 
139/34 
143/35 
122/30 
126/31 


134/33 
142/35 
150/37 
121/30 
125/31 


129/32 
133/33 
137/34 
141/35 
145/36 


149/37 
147/37 
4/1 
143/36 
139/35 


Los 


.6501860 
-6499835 
-6497520 
-6485174 
-6481917 


-6467303 
-6458390 
-6453589 
-6448120 
-6440691 


-6428541 
-6427471 
-6421772 
-6417074 
-6414057 


-6401500 
-6392018 
-6489721 
-6388221 
-6379725 


-6378648 
-6357431 
-6356274 
-6345120 
-6337744 


-6324899 
.6315706 
-6310237 
-6300887 
-6298891 


-6292122 
-6291183 
-6276141 
-6275071 
-6266824 


-6261937 
-6259096 
-6251838 
-6245009 
-6239618 


-6238571 
-6225817 
.6213652 
-6203874 
.6202849 


-6192280 
.6187016 
-6182067 
-6177402 
-6168838 


-6163004 
.6158483 
-6150250 
-6142945 
-6124420 


-6121213 
-6115359 
-6112680 
-6092385 
-6090088 


.6085909 
-6082203 
-6078896 
.6056641 
.6055483 





Ratio 


135/34 
131/33 
127/32 
123/31 
146/37 


138/35 
130/33 
122/31 
149/38 
145/37 


137/35 
133/34 
125/32 
121/31 
144/37 


136/35 
128/33 
147/38 
143/37 
139/36 


131/34 
127/33 
123/32 
142/37 
134/35 


149/39 
145/38 
141/37 
137/36 
148/39 


129/34 
125/33 
140/37 
121/32 
132/35 


143/38 
124/33 
139/37 
146/39 
131/35 


127/34 
138/37 
149/40 
145/39 
141/38 


137/37 
122/33 
133/36 
129/35 
125/34 


136/37 
147/40 
150/41 
139/38 
128/35 


135/37 
142/39 
131/36 
149/41 
149/42 


127/35 
134/37 
123/34 
148/41 
137/38 


133/37 
140/39 
147/41 
143/40 
132/37 


139/39 
146/41 
121/34 
135/38 
124/35 
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Table 2—Gear Ratio Logarithms for Numbers from 121 to 150 


Lan 


.5988549 
-5987574 
-5986537 
-5985434 
-5961512 


-5958111 
-5954295 
-5949981 
-5934027 
-5931663 


-5926526 
-5923727 
.5917600 
-5914237 


-590160s 


.5894709 
.5886961 
-5875337 
.5871343 
.5867123 


.5857924 
-5853898 
-5847551 
.5840866 
-5830365 


.5821217 
.5815844 
-5810174 
-5804181 
-5791971 


-5791108 
-5783961 
.5779263 
.5776354 
.5765059 


.5755524 
.5749078 
.5748131 
.5732883 
.5732033 


5723248 
5716774 
5711263 
.5703034 
5694355 


.5685189 
.5678459 
.5675491 
.5665217 
.5654311 


.5653372 
.5652573 
.5633074 
.5632312 
.5631420 


.5621321 
.5612237 
.5609688 
.5604024 
.5599370 


.5597357 
.5589031 
.5584262 
.5574778 
.5569370 


.5556499 
.5550634 
.5545334 
.553276¢ 
.5523722 


.5519502 
.5515690 
.5513055 

02 


-55055) 
5493537 






































Ratio 


131/37 
145/41 
127/36 
141/40 
123/35 


130/37 
137/39 
144/41 
150/43 
143/41 


136/39 
129/37 
122/35 
139/40 
125/33 


149/43 
142/41 
128/37 
121/35 
145/42 


131/38 
148/43 
141/41 
134/39 
127/37 


137/40 
147/43 
140/41 
133/39 
126/37 


143/42 
146/43 
129/38 
139/41 
149/44 


125/37 
145/43 
138/41 
121/36 
131/39 


124/37 
144/43 
127/38 
137/41 
147/44 


143/43 
133/40 
123/37 
136/41 
149/45 


139/42 
142/43 
122/37 
145/44 
135/41 


125/38 
148/45 
128/39 
141/43 
131/40 


121/37 
134/41 
137/42 
127/39 
140/43 


146/45 
133/41 
149/46 
123/38 
139/43 


129/40 
132/41 
138/43 
125/39 
141/44 


147/46 
131/41 
150/47 
137/43 
121/38 


124/39 
143/45 
127/40 
130/41 
149/47 


Log 


-5490696 


-5471591 
-5458371 


-5457417 
-5456560 
-5455786 
.5426228 
.5425521 


-5424743 
-5423880 
.5422918 
-5409548 
-5406075 


-5397178 
-5395044 
-5390083 
-5387174 
-5381187 


-5374877 
-5367932 
.5364352 
-5360402 
-5356020 


-5346606 
-5338488 
-5333341 
-5327870 
-5321688 


-5320867 
-5308844 
-5308061 
-5302309 
-5297336 


-5287083 
-5278995 
-5270952 
-5264829 
-5262067 


-5252200 
-5248940 
-5240201 
-5239367 
-5238646 


-5218675 
-5217916 
-5217034 
-5207550 
-5199738 


-5197655 
-5188198 
-5181581 
-5179153 
-5175499 


-5171264 
-5170492 
-5161454 
-5157506 
-5152113 


-5145837 
-5143209 
-5134813 
-5127391 
-5126595 


-5111404 
-5110677 
-5104285 
-5102215 
-5095463 


-5085297 
-5077900 
-5064106 
-5058454 
-5057664 


-5045595 
-5044874 
-5039934 
-5032521 
-5030018 


-5023571 





Ratio 


136/43 
139/44 
142/45 
145/46 
148/47 


129/41 
135/44 
135/43 
122/39 
147/47 


128/41 
131/42 
134/43 
137/44 
143/46 


146/47 
149/48 
121/39 
127/41 
133/43 


139/45 
145/47 
123/40 
126/41 
132/43 


141/46 
144/47 
150/49 
125/41 
131/43 


137/45 
143/47 
149/49 
121/40 
124/41 


127/42 
130/43 
133/44 
136/45 
139/46 


142/47 
145/48 
148/49 


3/1 
149/50 


146/49 
143/48 
140/47 
137/46 
134/45 


131/44 
128/43 
125/42 
122/41 
145/49 


139/47 
133/45 
127/43 
121/41 
147/50 


144/49 
138/47 
135/46 
129/44 
126/43 


149/51 
143/49 
137/47 
131/45 
125/43 


148/51 
142/49 
139/48 
136/47 
133/46 


127/44 
124/43 
121/42 
141/49 
135/47 


149/52 
146/51 
123/43 
143/50 
137/48 


Log 


-5000704 
-4995621 
-4990758 
-4986102 
-4981738 


-4978058 


:4952194 


.4944261 
-4940220 
-4936363 
-4932679 
-4925782 


-4922550 
.4919451 
-4917208 
-4910198 
-4903831 


-4898023 
-4892701 
-4878451 
-4875566 
-4871054 


-4864613 
-4862646 
-4858952 
-4841261 
-4838028 


-4835081 
-4832381 
-4829902 
-4807254 
-4806378 


-4805544 
-4804749 
-4803989 
.4803264 
-4802570 


-4801904 
-4801268 
-4800656 
-4771212 
-4742163 


-4741568 
-4740948 
-4740301 
-4739628 
-4738923 


-4738186 
-4737415 
-4736607 
-4735759 
-4711719 


-4709169 
-4706391 
-4703352 
-4790015 
-4683473 


-4681664 
-4677812 
-4675760 
-4671370 
-4669020 


-4656161 
-4651399 
-4646227 
-4640588 
-4634415 


-4626915 
-4620922 
-4617736 
-4614410 
-4610938 


-4603510 
-4599532 
-4595361 
-4590230 
-4582359 


-4571830 
-4567827 
-4564366 
-4563660 
-4554794 


MACHINE DESIGN—March 1953 





Ratio 


134/47 
131/46 
128/45 
145/51 
125/44 


122/43 
139/49 
150/53 
133/47 
147/52 


127/45 
141/50 
138/49 
121/43 
149/53 


132/47 
129/46 
143/51 
137/49 
123/44 


148/53 
145/52 
131/47 
142/51 
139/50 


136/49 
147/53 
133/48 
130/47 
127/46 


149/54 
124/45 
135/49 
146/53 
140/51 


129/47 
137/50 
145/53 
134/49 
131/48 


139/51 
128/47 
125/46 
144/53 
141/52 


122/45 
149/55 
127/47 
143/53 
132/49 


148/55 
121/45 
137/51 
145/54 
126/47 


142/53 
123/46 
131/49 
139/52 
147/55 


136/51 
149/56 
141/53 
133/50 
125/47 


146/55 
130/49 
143/54 
127/48 
140/53 


124/47 
137/52 
129/49 
121/46 
134/51 


139/53 
131/50 
144/55 
123/47 
149/57 


138/53 
148/57 


Log 


-4550069 
-4549135 
.4539975 
-4537978 
-4534573 


-4528913 
-4528187 
-4518154 
-4517537 
-4513140 


-4505912 
-4502491 
:4496830 
-4493169 
-4489104 


-4484760 
-4478319 
-4477638 
-4465345 
-4464524 


-4459858 
-4453647 
.4451734 
.4447181 
-4440448 


-4433428 
-4430414 
-4426114 
-4418455 
-4410459 


-4407925 
-4402092 
-4401377 
-4400770 
-4385578 


-4384918 
-4377506 
-4370921 
-4369087 
-4360301 


-4354446 
-4351121 
-4341522 
-4340866 
-4332158 


-4331473 
-4328236 
-4317058 
-4310601 
-4303778 


-4298990 
-4295729 


-4280124 
-4271473 
-4270752 
-4270115 
-4269546 


-4259687 
-4249983 
-4249432 
-4248816 
-4248121 


-4239902 
-4237473 
-4229422 
-4225625 
-4218521 


-4213238 
-4207173 
-4203936 
-4200276 
-4195346 


-4187389 
-4153013 
-4179998 
-4178072 
-4173114 


-4170139 





Ratio 


135/52 
122/47 
127/49 
145/56 
137/53 


142/55 


131/51 
136/53 
141/55 
146/57 
133/52 


143/56 
125/49 
130/51 
135/53 
145/57 


150/59 
127/50 
137/54 
147/58 
124/49 


134/53 
139/55 
149/59 
121/48 
131/52 


141/56 
123/49 
128/51 
133/53 
138/55 


143/57 
148/59 
147/59 
142/57 
137/55 


132/53 
127/51 
122/49 
149/60 
139/56 


129/52 
146/59 
136/55 
131/53 
121/49 


143/58 
133/54 
123/50 
150/61 
145/59 


140/57 
130/53 
125/51 
137/56 
149/61 


127/52 
144/59 
139/57 
134/55 
129/53 


124/51 
141/58 
148/61 
131/54 
143/59 


121/50 
133/55 
128/53 
135/56 
147/61 


142/59 
125/52 
137/57 
149/62 
139/58 


127/53 
146/61 
122/51 
141/59 
136/57 


GEAR LOGS .5490696 TO .2828051 


Log 


-4143305 
-4142619 
-4136076 
-4131800 
-4124447 


-4119256 
-4116197 
-4106875 
-4106210 
.4097583 


.4097011 
-4092630 
-4088564 
-4084780 
.4078483 


.4071480 
.4067139 
-4063732 
-4060579 
-4054931 


-4052393 
-4048337 
-4043268 
-4038893 
-4032256 


-4028289 
-4026521 
-4023343 
-4015442 
.4012680 


-4010311 
-3997090 
.3996398 
-3995757 
.3995164 


.3994611 
-3994097 
.3964653 
.3964134 
-3963579 


-3962980 
-3962335 
-3961627 
-3950350 
-3948268 


-3945864 
-3935009 
-3931762 
-3929954 
-3925893 


-3919180 
-3914578 
.3909351 
-3907615 
-3905160 


-3902531 
-3896675 


-3858515 
-3857911 
-3849319 
-3848775 
-3844840 


-3838154 
-3834889 
.3829341 
-3821458 
-3819875 


-3814363 





Ratio 


143/60 
131/55 
126/53 
145/61 
140/59 


121/51 
147/62 
149/63 
137/58 
144/61 


125/53 
139/59 
127/54 
134/57 
148/63 


129/55 
143/61 
124/53 
131/56 
138/59 


145/62 
149/64 
142/61 
135/58 
128/55 


121/52 
137/59 
123/53 
146/63 
139/60 


125/54 
141/61 
127/55 
143/62 
136/59 


129/56 
122/53 
145/63 
131/57 
147/64 


140/61 
133/58 


137/60 
121/53 
130/57 
139/61 
148/65 


141/62 


133/59 
142/63 
146/65 
137/61 
128/57 


139/62 
121/54 
150/67 
132/59 
123/55 


143/64 
125/56 
136/61 
127/57 
129/58 


149/67 


130/59 


Log 


-3771847 
-3769086 
-3760946 
-3760382 
.3752760 


-3752152 
-3749256 
-3738458 
-3732926 
.3730327 


.3726341 
.3721628 
.3714099 
.3712299 
-3709212 


-3702270 
-3700062 
-3691458 
-3690833 
-3690271 


-3689763 
-3670063 
-3669585 
-3669058 
-3668473 


.3667821 
-3658686 
-3656392 
-3650124 
-3648635 


-3645162 
-3638893 
-3634410 
-3629443 
-3626869 


-3624017 
-3620839 
-3620275 
-3613964 
.3611373 


-3607982 
-3604236 
-3602729 
-3600078 
.3594818 


-3585693 
-3585095 
-3580685 
-3576850 
-3573483 


-3568274 
.3562528 
-3559955 
-3556157 
-3551880 


.3545493 
.3544039 
.3538433 
.3536424 
.3530590 


-3529956 
-3529478 
-3514395 
-3513908 
-3513351 


-3506231 
-3503916 
-3500165 
-3497219 
-3495424 


-3491560 
-3487220 
.3482091 
.3479288 
-3471617 


-3471115 
-3464293 
.3459971 
.3457003 
-3454491 


-3450040 
-3443289 
-3441869 
.3436743 
-3430914 





Ratio 


141/64 
145/66 
134/61 
123/56 
147/67 


125/57 
149/68 
127/58 
129/59 
142/65 


131/60 
133/61 
146/67 
135/62 
124/57 


137/63 
139/64 
128/59 
141/65 
143/66 


145/67 
132/61 
147/68 
121/56 
149/69 


136/63 
125/58 
127/59 
144/67 
131/61 


133/62 
148/69 
137/64 
122/57 
139/65 


126/59 
143/67 
145/68 
130/61 
149/70 


134/63 
138/65 
121/57 
123/58 
142/67 


125/59 
127/60 
146/69 
129/61 
131/62 


150/71 
135/64 
137/65 
139/66 
141/67 


143/68 
124/59 
145/69 
149/71 
128/61 


136/65 
140/67 
121/58 
123/59 
148/71 


127/61 
129/62 


137/66 


139/67 
141/68 
143/69 
147/71 
149/72 


122/59 
126/61 
130/63 
134/65 
138/67 


142/69 
146/71 
150/73 
121/59 
125/61 


Log 


-3430391 
-3418241 
.3417750 
-3417171 
-3412425 


-3410351 
-3406774 
-3403757 
-3397377 
-3393749 


-3391200 
-3385218 
.3382781 
.3379421 
-3375468 


-3373801 
-3368348 
-3363580 
-3363057 
-3358921 


-3352932 
.3352441 
-3348084 
.3345974 
-3343372 


-3341984 
-3334820 
.3329517 
-3322877 
-3319415 


.3314599 
-3314126 
-3305406 
-3304849 
-3301014 


.3295185 
.3292612 
.3288591 
-3286136 
-3280883 


.3277643 
-3269657 
-3269105 
-3264771 
-3262135 


-3260580 
.3256524 
-3255038 
.3252599 
-3248796 


-3248330 
.3241538 
.3238072 
.3234709 
-3231443 


.3228271 
-3225697 
.3225189 
.3219280 
.3218802 


.3206255 
.3200532 
-3193574 
.3190531 
-3190034 


.3184739 
.3181980 
-3179308 
.3176716 
-3171767 


-3169400 
.3167102 
.3164869 
-3160590 
-3158538 


-3155078 
.3150407 
.3146029 
.3141914 
-3138043 


.3134392 
-3130946 
-3127684 
-3119334 
.3115802 





Ratio 


127/62 
131/64 
133/65 
139/68 
143/70 


145/71 
149/73 
137/67 
124/61 
128/63 


132/65 
136/67 
140/69 
144/71 
148/73 


121/60 
123/59 
125/62 
127/63 
129/64 


131/65 
133/66 
135/67 
137/68 
139/69 


141/70 
143/71 
145/72 
147/73 
149/74 


2/1 
139/70 
149/75 
147/74 
145/73 


143/72 
141/71 
137/69 
135/68 
133/67 


131/66 
129/65 
127/64 
125/63 
123/62 


121/61 
148/75 
144/73 
140/71 
136/69 


132/67 
128/65 
124/63 
149/76 
145/74 


143/73 
139/71 
137/70 
133/68 
131/67 


127/65 
125/64 
121/62 
150/77 
146/75 


142/73 
138/71 
134/69 
130/67 
126/65 


122/63 
149/77 
147/76 
143/74 
141/73 


139/72 
137/71 


129/67 


127/66 
148/77 
123/64 
121/63 
140/73 


Los 


.3114120 
-3110913 
-3109382 
.3105059 
-3102386 


-3101097 
-3098634 
-3096458 
-3080919 
-3078695 


.3076605 
.3074641 
-3072789 
-3071042 
. 3069388 


.3046341 
-3045753 
.3045183 
.3044632 
.3044097 


-3043579 


-3041657 


-3041211 
.3040777 
-3040355 
.3039944 
.3039546 


-3010300 
- 2989168 
-2981250 
. 2980856 
- 2980451 


- 2980035 
. 2979608 
- 2978715 
. 2978249 
-2977768 


. 2977274 
. 2976763 
- 2976237 
-2975695 
- 2975134 


. 2974556 


- 2944991 
- 2942966 
.2940812 
.2923727 
. 2921363 


.2920131 
-2917565 
. 2916226 
.2913427 
.2911965 


- 2908903 
. 2907300 
- 2903937 
- 2896006 
. 2892916 


. 2889654 
. 2886208 
. 2882557 
. 2878686 
- 2874571 


-2870193 
. 2866956 
. 2865037 
- 2861043 
- 2858962 


. 2856823 
. 2854623 
- 2850025 
- 2847624 
.2845149 


. 2842598 


175 





















































































136/71 
128/67 
149/78 
145/76 
124/65 


143/75 
141/74 
139/73 
137/72 
135/71 


150/79 
131/69 
129/68 
146/77 
127/67 


125/66 
142/75 
123/65 
121/64 
138/73 


134/71 
149/79 
130/69 
145/77 
143/76 


126/67 
139/74 
122/65 
137/73 
148/79 


133/71 
131/70 
144/77 
127/68 
125/67 


136/73 
149/80 
121/65 
147/79 
132/71 


145/78 
141/76 
128/69 
139/75 
137/74 





124/67 
135/73 
146/79 
133/72 
131/71 


142/77 
129/70 
127/69 
149/81 
125/68 


147/80 
123/67 
134/73 
145/79 
141/77 


130/71 
139/76 
148/81 
137/75 
135/74 


144/79 
133/73 
122/67 
131/72 
149/82 


129/71 
127/70 
136/75 
125/69 
143/79 


123/68 
132/73 
150/83 
121/67 
139/77 


128/71 
137/76 
146/81 
142/79 
133/74 


176 


. 2822806 
. 2811352 
.2810917 
. 2805444 
- 2805083 


. 2802747 
2799874 
. 2796919 
.2793881 
. 2790755 


. 2784642 
- 2784222 
- 2780808 
- 2778622 
-2777289 


. 2773661 
-2772270 
- 2769917 
. 2766054 
. 2765562 


. 2758465 
. 2755592 
- 2750943 
. 2748773 
- 2745224 


- 2742957 
. 2737831 
. 2734464 
-2733977 
. 2726346 


. 2725933 
.2721733 
.2718718 
- 2712948 
-2708352 


- 2702160 
. 2700963 
. 2698720 
- 2696902 
- 2693156 


- 2692734 
- 2684055 
- 2683609 
- 2679535 
- 2674889 


- 2673469 
.2670109 
. 2667258 
.2665191 
- 2660130 


-2657976 
- 2654917 
- 2649546 
-2647013 
-2644011 


- 2642273 
- 2638303 
- 2637819 
- 2637409 
- 2627284 


- 2226851 
- 2622012 
- 2617767 
-2616593 
-2611021 


- 2607354 
- 2605287 
- 2602850 
- 2599388 
- 2593724 


. 2593314 


. 2573962 
. 2572510 
-2570132 
- 2567106 
- 2565241 


-2559517 
- 2559070 
- 2558679 
- 2546612 
- 2546199 





124/69 
149/83 
131/73 
147/82 
138/77 


145/81 
127/71 
143/80 
134/75 
141/79 


148/83 
139/78 
130/73 
121/68 
137/77 


135/76 
126/71 
149/84 
133/75 
140/79 


147/83 
131/74 
145/82 
122/69 
129/73 


136/77 
143/81 
127/72 
141/80 
125/71 


139/79 
146/83 
123/70 
137/78 
121/69 


128/73 
135/77 
142/81 
149/85 
145/83 


138/79 
131/75 
124/71 
143/82 
129/74 


148/85 
134/77 
127/73 
139/80 
125/72 


144/83 
137/79 
149/86 
123/71 
147/85 


121/70 
140/81 
145/84 
126/73 
131/76 


143/83 
136/79 
141/82 
122/71 
146/85 


127/74 
139/81 
149/87 
137/80 
125/73 


142/83 
147/86 
135/79 
128/75 
133/78 


121/71 
143/84 
131/77 
148/87 
141/83 


124/73 
129/76 
134/79 
139/82 
144/85 


- 2545726 
-2541082 
- 2539484 
- 2535034 
- 2533884 


. 2528830 
. 2525453 
- 2522460 
- 2520435 
-2515920 


-2511836 
- 2509202 
- 2506205 
- 2502765 
- 2502299 


. 2495202 
-2491122 
- 2489070 
. 2487903 
- 2485009 


.2482392 
2480396 
.2475541 
.2475107 
.2472668 


-2470482 
- 2468510 
. 2464712 
. 2461291 
- 2456517 


. 2453877 
- 2452748 
-2448071 
- 2446260 
- 2439363 


- 2438871 
- 2438431 
- 2438033 
. 2437674 
. 2422899 


- 2422520 
. 2422100 
- 2421634 
.2415221 
- 2413580 


- 2408428 
-2406141 
- 2404808 
- 2399248 
-2395775 


- 2392844 
- 2390935 
- 2386878 
. 2386478 
- 2378984 


- 2376874 
- 2376430 
-2370887 
- 2370476 
- 2364577 


- 2362579 
- 2359118 
- 2354052 
-2351015 
- 2349340 


- 2345720 
- 2345298 
- 2336670 
- 2336306 
-2335871 


- 2332102 
- 2328188 
-2327067 
- 2321487 
-2317570 


-2315271 
- 2310567 
- 2307806 
- 2307424 
-2301410 


- 2300988 
-2297761 


|2289436 





GEAR LOGS. .2822806 TO 


127/75 
149/88 
137/81 
125/74 
130/77 


140/83 
145/86 
150/89 
123/73 
133/79 


143/85 
121/72 
131/78 
136/81 
146/87 


129/77 
139/83 
149/89 
122/73 
127/76 


132/79 
137/82 
142/85 
147/88 
148/89 


143/86 
138/83 
133/80 
128/77 
123/74 


141/85 
131/79 
121/73 
149/90 
139/84 


134/81 
124/75 
147/89 
137/83 
127/77 


150/91 
145/88 
135/82 
130/79 
125/76 


143/87 
133/81 
146/89 
141/86 
136/83 


131/80 
149/91 
139/85 
121/74 
129/79 


142/87 
137/84 
145/89 
127/78 
122/75 


135/83 
148/91 
138/85 
125/77 
133/82 


128/79 
149/92 
123/76 
144/89 
131/81 


139/86 
134/83 
121/75 
129/80 
137/85 


124/77 
140/87 
127/79 
143/89 
130/81 


146/91 
125/78 
133/83 
141/88 
149/93 





- 2274527 


-2270499 
-2268695 
. 2267013 
. 2265822 
. 2262245 


-2259171 
.2254529 
-2251767 
- 2250539 
- 2248336 


. 2240990 
- 2239367 
- 2237963 
. 2230369 
. 2229901 


. 2229468 
- 2229067 
- 2228694 
- 2228346 
. 2208717 


. 2208375 
- 2208010 
-2207616 
. 2207193 
- 2206734 


-2198002 
-2196442 
-2194625 
-2189438 
-2187355 


-2186198 
-2183604 
-2179273 
- 2176425 
-2173130 


-2170499 
- 2168853 
-2165199 
-2163163 
- 2160964 


-2158167 
-2153666 
-2149629 
-2147206 
-2144608 


.2141813 
.2141449 
-2135959 
-2135537 
. 2129626 


-2127690 
.2124413 
-2119780 
-2117091 
-2112985 


-2112557 
-2112203 
- 2104692 
-2104193 
-2100377 


- 2095829 
- 2093985 
-2090915 
- 2089725 
- 2087863 


- 2069310 
-2066087 
- 2061766 
. 2059460 
- 2054584 


- 2053105 
- 2048154 
-2047735 
- 2047364 
-2047034 


.1174966 





147/92 
139/87 
131/82 
123/77 
142/89 


126/79 
145/91 
137/86 
121/76 
148/93 


132/83 
143/90 
127/80 
149/94 
122/77 


141/89 
144/91 
125/79 
128/81 
139/88 


131/83 
134/85 
145/92 
137/87 
129/82 


140/89 
121/77 
146/93 
135/86 
124/79 


149/95 
127/81 
130/83 
133/85 
147/94 


136/87 
139/89 
142/91 
131/84 
145/93 


148/95 
123/79 
137/88 
143/92 
129/83 


132/85 
149/96 
121/78 
138/89 
141/91 


127/82 
147/95 
133/86 
150/97 
139/90 


122/79 
125/81 
145/94 
128/83 
131/85 


134/87 
137/89 
143/93 
123/80 
146/95 


149/97 
135/88 
141/92 
121/79 
124/81 


127/83 
133/87 
136/89 
139/91 
142/93 


148/97 
125/82 
131/86 
137/90 
143/94 


149/98 
126/83 
129/85 
135/89 
138/91 





- 2027434 
- 2023266 
- 2022221 
-2019718 
-2017788 


-2014958 
-2010935 
-2007137 
- 2000584 
-1998691 


-1998291 
-1993211 
.1992829 
-1987250 
-1985321 


-1981932 
-1976859 
-1975802 
-1972013 
.1967758 


-1967380 
-1962947 
-1958700 
-1958353 
-1957946 


-1954627 
-1953187 
-1948653 
- 1944327 
-1941894 


-1940196 
-1936248 
. 1932469 
-1929920 
-1928851 


-1925381 
- 1922780 
-1922379 
-1915482 
-1915116 


-1911550 
-1999151 
-1906908 
-1904891 
-1901777 


-1899898 
-1895937 
-1893531 
-1893196 
-1887723 


-1887327 
-1884250 
- 1882401 
- 1881319 
-1878524 


-1875865 
- 1873306 
-1868531 
- 1868151 
-1866293 


- 1864146 
-1858511 
-1854313 
-1851583 
- 1849367 


.1847256 
- 1843323 
-1841489 
- 1839734 
-1838054 


-1834900 
-1830961 
-1827728 
-1824781 
-1822081 


-1819602 
-1812924 
-1811708 
-1809438 
-1808377 





144/95 
147/97 
121/80 
127/84 
133/88 


139/92 
122/81 
125/83 
128/85 
131/87 


134/89 
137/91 
140/93 
143/95 
149/99 


146/97 
148/99 
145/97 
142/95 
139/93 


136/91 
133/89 
130/87 
127/85 
124/83 


121/81 
149/100 
143/96 
137/92 
131/88 


125/84 
150/101 
144/97 
141/95 
135/91 


132/89 
126/85 
123/83 
145/98 
139/94 


133/90 
127/86 
121/82 
149/101 
146/99 


143/97 
137/93 
134/91 
131/89 
128/87 


147/100 
122/83 
135/92 
129/88 
148/101 


145/99 
142/97 
139/95 
136/93 
149/102 


130/89 
127/87 
143/98 
124/85 
121/83 


137/94 
150/103 
131/90 
147/101 
141/97 


125/86 
138/95 
132/91 
129/89 
139/96 


123/85 
149/103 


140/97 


127/88 
137/95 
134/93 
121/84 
131/91 





- 1806389 
- 1805456 
-1796954 
.1795244 
-1793689 


-1792270 
-1778748 
-1778319 
-1777911 
.1777520 


-1777148 
-1776792 
.1776451 
-1776124 
.1775511 


-1775812 
-1746265 
-1745963 
.1745647 
.1745319 


-1744975 
-1744616 
-1744241 
-1743848 
.1743436 


.1743004 
.1131863 
.1130648 
.1729328 
.1121886 


-1726307 
-1717799 
-1715908 
-1714955 
.1712924 


-1711839 
-1709516 
-1708270 
-1701419 
- 1698869 


-1696091 
-1693052 
-1689715 
. 1688649 
-1687177 


-1685643 
-1682377 
-1680634 
-1678813 
-1676907 


-1673173 
-1672817 
- 1665460 
-1661070 
-1659403 


-1657328 
-1655166 
-1652912 
-1650560 
-1645861 


-1645534 
- 1642844 
-1641099 
-1640028 
-1637073 


-1635927 
-1632541 
-1630288 
- 1629959 
-1624474 


-1624115 
.1621555 
-1615325 
-1611997 
-1607436 


-1604862 
-1603491 
-1600638 
-1600315 
-1593563 


.1593210 
-1589970 
-1586219 
-1585061 
-1582299 








141/98 
128/89 
148/103 
125/87 
135/94 


145/101 
122/85 
142/99 
139/97 
149/104 


136/95 
123/86 
133/93 
143/100 
130/91 


147/103 
137/96 
127/89 
144/101 
124/87 


131/92 
121/85 
138/97 
145/102 
125/88 


149/105 
139/98 
129/91 
146/103 
143/101 


126/89 
133/94 
140/99 
147/104 
137/97 


127/90 
134/95 
141/100 
148/105 
131/93 


145/103 
121/86 
128/91 
142/101 
149/106 


125/89 
139/99 
122/87 
129/92 
136/97 


143/102 
150/107 
144/103 
137/98 
130/93 


123/88 
141/101 
127/91 
145/104 
131/94 


124/89 
149/107 
135/97 
121/87 
146/105 


139/100 
132/95 

143/103 
147/106 
140/101 


133/96 
126/91 
137/99 
148/107 
123/89 


134/97 
127/92 
149/108 
131/95 
142/103 


135/98 
128/93 
139/101 
150/109 
147/107 








-1579930 
-1578200 
-1574245 
-1573907 
-1572059 


-1570466 
- 1569409 
-1566531 
-1562431 
-1561530 


.1558153 
- 1554066 
-1553687 
. 1553360 
-1549020 


-1544801 
-1544494 
-1544137 
-1540411 
-1539024 


-1534835 
- 1533665 
-1531074 
-1527678 
-1524273 


-1519970 
-1517887 
.1515483 
-1515157 
-1510146 


- 1509805 
-1507237 
-1504928 
-1502840 
-1499489 


-1495612 
-1493812 
-1492191 
.1490724 
-1487884 


-1485308 
- 1482869 
- 1481686 
.1479669 
- 1478804 


-1475200 
-1473796 
- 1468405 
-1468019 
-1467672 


-1467358 
-1467075 
-1455253 
- 1454945 
- 1454605 


-1454224 
-1448977 
-1447623 
-1443347 
-1441434 


-1440317 
-1438025 
- 1435621 
-1432661 
-1431636 


-1430148 
.1428503 
-1424988 
-1420114 
-1418066 


-1415804 
-1413291 
-1410854 
.1408779 
-1405151 


-1403331 
-1400159 
-1397625 
-1395477 
-1394511 


-1391077 
-1387271 
-1386934 
- 1386648 
-1379335 








136/99 
125/91 
129/94 
133/97 
122/89 


137/100 
141/103 
145/106 
149/109 
138/101 


127/93 
131/96 
146/107 
139/102 
124/91 


143/105 
132/97 
121/89 
140/103 
125/92 


129/95 

148/109 
137/101 
141/104 
145/107 


149/110 
134/99 
142/105 
123/91 
127/94 


131/97 
139/103 
143/106 
147/109 
128/95 


136/101 
144/107 
121/90 
125/93 
133/99 


137/102 
145/108 
149/111 
122/91 
130/97 


138/103 
146/109 
123/92 
127/95 
131/98 


135/101 
139/104 
143/107 
147/110 
149/112 


145/109 
141/106 
137/103 
133/100 
129/97 


125/94 
121/91 
150/113 
142/107 
134/101 


126/95 
143/108 
139/105 
131/99 
127/96 


144/109 
136/103 
128/97 

149/113 
141/107 


137/104 
133/101 
129/98 
146/111 
121/92 


130/99 
143/109 
122/93 
139/106 
135/103 





-1379037 
-1378686 
-1374618 
-1370799 
. 1369698 


-1367206 
-1363819 
-1360621 
-1357598 
-1355577 


-1353208 
-1350001 
-1349691 
-1344146 
-1343803 


-1341467 
-1338022 
-1333954 
-1332908 
-1331222 


.1328661 
-1328352 
1323992 
.1321858 
-1319842 


-1317936 
-1314796 
-1310990 
-1308637 
.1306758 


-1304996 
-1301776 
-1300301 
-1298908 
.1294864 


-1292175 
.1289787 
. 1285429 
.1284271 
.1282164 


-1281204 
.1279442 
.1278633 
.1273184 
.1271717 


.1270419 
.1269264 
.1261173 
-1260801 
-1260452 


-1260124 
-1259815 
1259522 
.1259246 
1239683 


.1239415 
1239132 
1238834 
1238516 
-1238180 


.1237821 
.1237440 
.1230129 


1229045 


"1227834 


.1226469 
1219122 
.1218255 
.1216361 
.1215325 


.1209260 
.1207017 
.1204383 
.1201079 
.1198353 


.1196873 
1195302 
.1193636 
.1190299 
1189976 


.1183082 
1179095 
.1178769 
.1177089 
.1174966 
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GEAR LOGS .1172713 to .0029050 









































Ratio Log Ratio Log Ratio Log Ratio Log Ratio Log Ratio Log Ratio Log 

131/100 .1172713 142/113 .0992099 124/103 .0805845 141/122 .0628593 148/133 .0464101 134/125 .0301948 146/141 .0151338 
148/113 .1171833 123/98  .0986790 136/113 .0804605 149/129 .0625966 129/116 .0461317 149/139 .0301715 147/142 .0150290 
127/97  .1170320 133/106 .0985457 148/123 .0803566 127/110 .0624110 139/125 .0461048 136/127 .0297352 148/143 .0149257 
140/107 .1167442 143/114 .0984311 125/104 .0798767 142/123 .0623832 149/134 .0460815 121/113 .0296070 149/144 .0148238 
149/114 .1162814 124/99 .0977865 131/109 .0798448 143/124  .0619143 141/127 .0454154 137/128  .0295106 121/117 .0145995 
132/101 .1162525 129/103 .0977525 137/114 .0798157 128/111 .0618870 131/118 .0453893 123/115 .0292073 123/119 .0143581 
145/111 .1160450 134/107 .0977210 143/119 .0797890 121/105 .0615961 121/109 .0453589 139/130 .0290714 125/121 .0141246 
123/94 -1157772 139/111 .0976918 149/124 .0797646 144/125 .0614525 132/119 .0450269 125/117 .0287241 127/123 .0138986 
124/95 .1156981 144/115 .0976647 145/121 .0785826 129/112 .0613717 143/129 .0447463 140/131 .0288567 129/125 .0136797 
137/105 .1155313 149/119  .0976393 139/116 .0785568 137/119 .0611736 133/120 .0446704 142/133 .0284367 131/127 .0134676 
133/102 .1152514 146/117 .0961670 133/111 .0785286 145/126 .0609975 134/121 .0443194 127/119 .0282567 133/129 .0132619 
142/109 .1148618 141/113 .0961407 127/106 .0784978 130/113 .0608650 145/131 .0440967 143/134  .0282312 135/131 .0130625 
125/96 .1146388 136/109 .0961124 121/101 .0784640 146/127 .0605492 135/122 .0439740 145/136 .0278291 137/133 .0128690 
121/93 .1143025 131/105 .0960820 140/117 .0779421 123/107 .0605213 125/113 .0438316 129/121 .0278043 139/135 .0126810 
134/103 .1142678 126/101 .0960491 128/107 .0778262 131/114 .0603664 136/123 .0436338 146/137 .0276323 141/137 .0124985 
147/113 _.1142389 121/97 .0960137 141/118 .0774371 139/121 .0602294 137/124  .0432989 131/123 .0273662 143/139  .0123212 
139/107 .1136310 147/118 .0954353 135/113 .0772554 147/128 .0601073 127/115 .0431059 148/139 .0272469 145/141 .0121489 
126/97 -1135988 137/110 .0953279 123/103 .0770679 132/115 .0598761 138/125 .0429691 149/140 .0270583 147/143 .0119813 
135/104 .1133005 127/102 .0952035 142/119 .0767413 148/129 .0596720 149/135 .0428525 133/125 .0269416 149/145 .0118183 
131/101 .1129499 148/119 0947147 130/109 .0765169 125/109 .0594835 139/126 .0426443 135/127 .0265301 121/118 ,0109034 
127/98 -1125776 143/115 .0946382 149/125 .0762763 133/116 .0593936 140/127 .0423243 137/129 .0261409 122/119 .0108128 
149/115 .1124885 133/107 .0944678 143/120 .0761548 149/130 .0592429 141/128 .0420091 121/114 .0258805 124/121 .0106363 
136/105 .1123496 128/103 .0943728 137/115 .0760228 134/117 .0589189 131/119 .0417243 139/131 .0257435 125/122 .0105602 
123/95 1121815 149/120 .0940051 131/110 .0758786 150/131 .0588200 142/129 .0416986 122/115 .0256620 127/124 .0103820 
145/112 .1121500 139/112 .0937968 139/117 .0758289 127/111 .0584807 143/130 .0413926 123/116 .0254471 128/125 .0103000 
141/109 .1117926 129/104  .0935564 144/121 .0755771 135/118 .0584518 144/131 .0410912 141/133 .0253675 130/127 .0101397 
128/99 .1115748 150/121 .0933059 145/122 .0750082 143/125 .0584260 133/121 .0410662 124/117 .0252358 131/128 .0100613 
137/106 .1114147 145/117 .0931821 146/123 .0744478 136/119 .0579919 122/111 .0410368 125/118 .0250280 133/130 .0099082 
146/113 .1112745 140/113 .0930496 127/107 .0744199 145/127 .0575643 145/132 .0407941 143/135 .0250022 134/131 .0098335 
133/103 .1110144 135/109 .0929073 121/102 .0741852 137/120 .0575394 123/112 .0406871 145/137 .0246474 136/133 .0096873 
129/100 .1105897 125/101 .0925886 134/113 .0740264 129/113 .0575113 146/133 .0405013 127/120 .0246225 137/134 .0096158 
138/107 .1104953 131/106 .0919654 147/124 .0738956 121/106 .0574795 124/113 .0403433 128/121 .0244246 139/136 .0094759 
125/97  .1101383 142/115 .0915905 141/119 .0736721 138/121 .0570937 147/134 .0402125 147/139 .0243025 140/137 .0094074 
143/111 = .1100130 121/98 .0915593 122/103 .0735226 122/107 .0569760 125/114 .0400051 129/122 .0242299 142/139 .0092735 
121/94 -1096575 137/111 .0913976 148/125 .0733517 139/122 .0566550 148/135 .0399279 130/123 .0240383 143/140 .0092080 
130/101 .1096220 132/107 .0911901 129/109 .0731632 131/115 .0565735 137/125  .0398106 149/141 .0239672 145/142 .0090797 
139/108  .1095910 127/103 .0909665 123/104 .0728718 140/123  .0562229 126/115 .0396727 131/124 .0238496 146/143 .0090169 
148/115 .1095639 143/116 .0908780 136/115 .0728411 124/109  .0559952 149/136 .0396474 132/125  .0236639 148/145 .0088937 
149/116 .1087283 122/99 .0907246 149/126 .0728158 149/131 .0559150 150/137 .0393707 133/126 .0234811 149/146 .0088334 
140/109 .1087015 133/108 .0904278 150/127 .0722876 141/124 .0557974 127/116  .0393457 134/127 .0233011 121/119 .0072384 
131/102 .1086701 149/121 .0904009 131/116 .0722626 133/117 .0556657 139/127 .0392111 135/128 .0231238 123/121 .0071197 
122/95 .1086362 139/113 .0899364 124/105 .0722324 142/125 .0553783 128/117 .0390241 136/129 .0229492 125/123 .0070049 
145/113 .1082896 123/100 .0899051 131/111 .0719483 143/126 .0549655 129/118 .0388077 137/130 .0207772 127/125 .0068937 
127/99 = .1081685 134/109 .0896783 125/106 .0716041 135/119 .0547868 130/119  .0383964 138/131 .0226078 129/127 .0067860 
141/110 .1078264 145/118 .0894860 145/123 .0714629 127/112 .0545857 131/120 .0380901 139/132 .0224409 131/129 .0066816 
132/103 .1077367 124/101 .0891003 139/118 .0711328 144/127 .0545588 143/131 .0380647 141/134 .0221143 133/131 .0065803 
137/107 .1073368 146/119 .0888059 126/107 .0709867 145/128 .0541580 145/133 .0375164 121/115 .0220876 135/133 .0064822 
142/111 .1069653 141/115 .0885213 133/113 .0707732 128/113 .0541316 133/122 .0374918 142/135 .0219545 137/135 .0063868 
133/104 .1068183 136/111 .0882159 147/125 .0704073 137/121 .0539352 121/111 .0374624 143/136 .0217971 139/137 .0062942 
124/97  .1066500 125/102 .0882098 (27/108 .0703799 146/129 .0537632 134/123 .0371997 144/137 .0216419 141/139 .0062043 
147/115 .1066195 131/107 .0878875 121/103 .0699482 121/107 .0534016 135/124 .0369121 145/138 .0214889 143/141 .0061169 
129/101 .1062683 126/103 .0875333 128/109 .0697835 147/130 .0533739 123/113 .0368267 125/119  .0213630 145/143 .0060320 
143/112 .1061180 137/112 .0875026 142/121 .0695029 139/123 .0531097 136/125 .0366289 146/139 .0213381 147/145 .0059493 
134/105 .1059155 148/121 .0874763 149/127 .0693826 148/131 .0529904 149/137 .0364557 148/141 .0210426 149/147 .0058690 
125/98  .1056839 149/122 .0868265 129/110 .0691970 131/116 .0528133 137/126 .0363501 127/121 .0210183 121/120 .0036042 
139/109 .1055883 138/113 .0868007 143/122 .0689762 149/132 .0526124 138/127 .0360754 149/142 .0208983 122/122 .0035744 
144/113 .1052841 127/104 .0867704 130/111  .0686204 123/109 .0524786 139/128 .0358048 150/143 .0207553 123/122 .0035453 
121/95 .1050618 133/109 .0864251 137/117 .0685347 141/125 .0523091 127/117 .0356178 131/125 .0203613 124/123 .0035166 
135/106 .1050279 139/114 .0861099 131/112 .0680533 150/133 .0522397 140/129 .0355383 133/127 .0200479 125/124 .0034883 
149/117 .1050004 128/105  .0860207 145/124 .0679463 133/118 .0519696 141/130 .0352757 137/131 .0194493 126/125 .0034605 
145/114 .1044631 145/119 .0858210 125/107 .0675262 125/111 .0515870 129/119  .0350427 139/133 .0191632 127/126 .0034332 
131/103 .1044341 123/101 .0855837 132/113 .0674955 134/119 .0515578 142/131 .0350170 143/137 .0186154 128/127 .0034063 
136/107 .1041551 129/106 .0852838 139/119 .0674678 143/127 .0515323 144/133 .0345109 145/139  .0183532 129/128 .0033797 
127/100 .1038037 141/116 .0847611 148/127 .0674580 145/129 .0507783 131/121 .0344859 121/116 .0183274 130/129 .0033537 
146/115 1086551 133/112 .0846336 146/125 .0674429 136/121 .0507535 145/134 .0342632 122/117 .0181739 131/130 .0033279 
137/108  .1032968 130/107 .0845596 141/121 .0664337 127/113 .0507253 146/135 .0340191 123/118 .0180231 132/131 .0033026 
123/97  .1031334 147/121 .0845319 134/115 .0664070 137/122 .0503608 133/123 .0339465 124/119 .0178747 133/132 .0032777 
128/101 1028886 142/117 .0841024 127/109 .0663772 147/131 .0500460 147/136 .0337784 149/143 .0178503 134/133 .0032532 
147/116 1028593 125/103 .0840728 149/128 .0659763 129/115 .0498919 121/112 .0335674 126/121 .0175851 135/134 .0032290 
138/109 .1024526 131/108  .0838475 135/116 .0658758 139/124 .0495931 148/137 .0335411 127/122 .0174439 136/135 .0032051 
143/113 .1022576 137/113 .0836422 121/104 .0657521 121/108  .0493616 149/138 .0333072 128/123 .0173049 137/136 .0031817 
148/117 .1020758 143/118 .0834540 143/123 .0654309 149/133 .0493347 122/113 .0332814 129/124 .0171680 138/137 .0031585 
139/110 .1016221 149/123 .0832812 136/117 .0653530 131/117 .0490854 150/139 .0330765 131/126 .0169008 139/138 .0031357 
149/118 1013043 132/109 .0831474 122/105 .0651705 122/109 .0489333 137/127 .0329169 132/127 .0167702 140/139 .0031132 
125/99 1012748 144/119 .0828155 137/118 .0648386 123/110 .0485124 124/115 .0327239 133/128 .0166416 141/140 .0030911 
130/103 1011062 121/100 .0827854 123/106 .0645992 142/127 .0484846 125/116 .0324520 134/129 .0165151 142/141 .0030692 
135/107 .1009500 127/105  .0826144 138/119 .0643321 143/128 .0481260 139/129 .0324251 136/131 .0162676 143/142 .0030477 
140/111 .1008050 133/110 .0824589 131/113 .0641929 124/111 .0480987 141/131 .0319478 137/132 .0161467 144/143 .0030265 
150/119 1005443 139/115 .0823170 124/107 .0640379 125/112 .0476920 127/118 .0319217 138/133 .0160275 145/144 .0030055 
121/96 1005142 122/101 .0820384 139/120- .0638356 135/121 .0475484 128/119 .0316630 139/134 .0159100 146/145 .0029849 
131/104 .1002380 134/111 .0817818 147/127 .0635136 126/113 .0472921 143/133 .0314844 140/135 .0158942 147/146 .0029644 
141/112 .1000011 146/121 .0815675 125/108  .0634862 146/131 .0470816 130/121 .0311580 141/136 .0156802 148/147 .0029444 
122/97 0995881 129/107 .0812059 149/121 .0633426 127/114 .0468988 131/122 .0309115 142/137 .0155677 149/148 .0029246 
137/101 .0994823 135/112 .0811158 133/115 .0631538 137/123 .0468155 147/137 .0305967 143/138 .0154569 150/149 .0029050 

37/109 .0992941 147/122 .0809575 126/109  .0629440 128/115 .0465122 133/124 .0304299 144/139 .0153477 
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Electromagnetic 


Pumps 


. . . circulate liquid metals without moving parts 





By J. F. Cage Jr. 


Knolls Atomic Power Laboratory 
General Electric Co. 
Schenectady, N. Y. 


| THE development of means 

for converting atomic power in- 
to more controllable and conven- 
tionally usable form, a large ef- 
fort has been devoted to the util- 
ization of liquid metals as heat 
transfer media. Because of cer- 
tain requirements for liquid metal 


systems, the development has in- 
cluded the investigation of a num- 
ber of unusual means of pumping. 
One such means—the electromag- 
netic pump — has proved to be 
uniquely suited to the circulation 
of certain of the liquid metals. Its 
success in this field may help open 





DESIGN 
ABSTRACTS 






the door to a more widespread use 
of liquid metals as heat transfer 
fluids, and is therefore of general 


interest. The pumps themselves 
are of interest as unusual pieces of 
equipment, having no seals or stuff- 
ing boxes, and (at least in theory) 
no moving parts other than the 
fluid itself. 

Several particular requirements 
caused the electromagnetic pump 
to be studied. First and foremost, 
pumps, to be usable in any radio- 
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Primar 


Fig. 2—Faraday ac pump. Modified from the dc type, 

Fig. 1, these pumps are hampered by low efficiency 

and bulky magnetic circuits which limit satisfactory ap- 
plications to small sizes 


active liquid metal system, must 
be leakless—to a degree higher 
than that achieved with any known 
conventional shaft seal. Second, 
they must have a high degree of 
dependability such as might be ob- 
tained with a device having no 
moving parts to wear out. In ad- 
dition, sodium and its potassium al- 
loys (commonly called NaK) have 
been widely considered as suitable 
reactor coolants, and their proper- 
ties make them unusually amenable 
to pumping by electromagnetic 
means. A number of different types 
of electromagnetic pumps have 
been studied and built as a part of 
the work in the field of liquid met- 
als, both to supply the require- 
ments of various heat transfer ex- 
periments using sodium and NaK, 
and to obtain design information 
for possible future application. 

All electromagnetic pumps utilize 
the “motor” principle; that a con- 
ductor in a magnetic field, carrying 
a current which flows at right an- 
gles to the direction of the field, has 
a force exerted on it which is mu- 
tually perpendicular to both the 
field and the current. In all of 
these units the fluid is the conduc- 
tor. The force, suitably directed in 
the fluid, manifests itself as a pres- 
Sure if the fluid is properly con- 
tained. The field and the current 
can be produced in different ways 
and the force may be utilized in 
different ways. There are, there- 
fore, a number of different types of 
electromagnetic pumps, all of them 
utilizing this principle. 
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_ Fig. 4—Linear in- 


_ Pumping 
~. direction 
3 


Faraday DC Pump: The most ele- 
mentary electromagnetic pump has 
been called the Faraday type, Fig- 
1. Liquid metal is contained in a 
thin-walled duct, usually of square 
or rectangular cross section. A 
constant magnetic field is passed 
through the fluid on one axis per- 
pendicular to the direction of flow. 
The field is developed by a winding, 
de excited, arranged on a suitable 
magnetic core, which provides both 
pole faces and a magnetic return 
path. Current is forced through 
the fluid by impressing a voltage 
across the axis of the duct mutu- 
ally perpendicular to both the field 
and the direction of flow. Usually 
“electrodes” are attached directly 
to the walls of the duct by brazing. 
These elements are shown diagram- 
matically in the sketch in Fig. 1. 

Operation is similar to a dc shunt 
motor. The separately excited field 
magnetizes the gap. Flow of the 


duction en 8 This 
type, a modification 
of the helical pump 
in Fig. 3, provides 
large flow at mod- 
erate heads for lim- 
ited space and 
power supplies 





Fig. 3—Helical flow induction pump. Capable of devel- 

oping heads as high as 260 feet of sodium, these units 

are best suited for high-pressure, low-flow applications 
where space is at a premium 


o 
current in the fluid in the gap is 
similar to current in a de motor 
armature. An /?R loss appears 
in the fluid. As the fluid flows a 
“back voltage” or emf is generated 
by the fluid moving in the field, 
opposing the flow of current jn the 
fluid. The product of this back 
voltage and the effective current in 
the fluid represents the pumping 
power developed. 

Some current will flow through 
the walls and create a loss. In or- 
der to minimize this loss, the walls 
are kept as thin as possible, and are 
normally made of material with as 
high a resistivity as can be used. 
For sodium and NaK, stainless 
steel type 347, or the equivalent, 
and Inconel have been used with- 
out prohibitive losses. Current can 
also by-pass the magnetic field by 
flowing down the duct, across, and 
back to the electrode. This effect 


(Continued on page 250) 




















STEAM HOSE 1 
. .. reinforced with braided glass 


Quaker Rubber Corp. Div., H. K. Porter Co. Inc., 
Tacony and Comly Sts., Philadelphia 24, Pa. 


Glass cord braid pro- 
vides heat insulation 
as well as strength. 


Designation: Ironsides. 

Size: % to 1% in. ID. 

Service: Flexible and kinkproof; working pressures 
to 200 psi; resists high temperatures; has high 
burst resistance. 

Design: Reinforced hose; tube and cover of heavy 
gage Ebonite; reinforced with inner wire braids and 
outer braid of glass cord. 
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HIGH-CYCLE GEARMOTOR 3 
. . - light but powerful 


U. 8. Electric Motors Inc., Aircraft Div., Terminal 
Annex Box 2058, Los Angeles 54, Calif. 


Developing 16 hp this 
motor weighs only 28 Ib. 





Designation: Syncrogear. 

Size: 16 hp. 

Service: Operates on 400 cycle, 3 phase ac; for inter- 
mittent duty; output speeds from 1500 to 5000 rpm. 

Design: Meets AF Spec 32590; has hardened and 
shaved helical gears; internal spline take-off shaft; 
integral ventilating fan; AN mounting pad and 
pyramidal mounting base. 
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PIN FASTENERS 2 
.-. now available in small sizes 
C. E. M. Co., 24 School St., Danielson, Conn. 


sare 
k 
' 
} 





Smallest size previously available was y-in. diam; 
dy-in. diam is now available. 


Designation: Spirol. 

Size: % to %-in. long, ys, 0.052 and &-in. diam. 

Service: Spring action locks pin in hole throughout 
length; easily inserted; resist loosening due to shock 
and vibration; resist corrosion. 

Design: Type 302 non heat-treated or type 414 heat- 
treated stainless steel strip rolled into spiral coil; 
other sizes to %-in. diam of brass, aluminum or 
other flexible material also available. 
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PROTECTIVE COATING 4 
... is flexible to —45 F 


Munray Products Inc., 12400 Crossburn Ave., Cleve- 
land 11, O. 


This resilient rubber-like coating is highly abra- 
sion resistant. 


Designation: Cycoflex No. 7731. 

Form: Liquid. 

Service: Protecting metal parts from corrosion and 
abrasion; resists oils, greases, acids, alkalies, salts 
and petroleum solvents; applied by dipping and 
baking; coating can be applied from yz to % in. 
thick. 

Properties: Dense, tough, resilient, rubber-like coat- 
ing; color, black; specific gravity, 1.20 to 1.25; 
Shore A2 hardness, 65 to 70; tear resistance, 225 
to 250 psi; passes Army Ordnance specifications 
for fungus resistance. 
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FLOW ALARM SYSTEM 5 
. .. gives alarm when flow rate is excessive 
Potter Aeronautical Co.,87 Academy St., Newark, N. J. 


Flow sensing element of 
this system operates at 
temperatures from —455 
F to 1200 F. 





Designation: Max-Alarm. 

Size: Sensing elements ;; to 6 in. diam. 

Service: Operating controls or alarm system when 
rate of flow exceeds desired value; can be used with 
toxic or highly corrosive liquids, viscous fluids or 
liquefied gases; for flow rates from 0.2 to 4000 
gpm and pressures to 20,000 psi; relay contacts 
rated 8 amp at 125 v; flow sensing unit unaffected 
by pressure variations. 

Design: Excessive flow alarm system; consists of 
flow sensing element, rectifier unit and relays; sens- 
ing unit generates ac proportional to flow rate 
which is rectified and applied to relays; signal light 
and reset button on panel; units for signaling low 
flow rate also available. 
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LEVEL CONTROL 7 
. .. controls within fraction of an inch 
Greylor Co., 605 W. Washington Blvd., Chicago 6, Ill. 


Completely sealed and 
gasketed unit is unaf- 
fected by humidity or 
temperature. 





Designation: Ktrol. 

Size: 3% OD by 9% in. long control housing; probe 
to meet requirements. 

Service: Controlling level of material in tanks or vats; 
probes resist corrosion; may be used with noncon- 
ductive materials; operates from 110 v 60 cycle ac; 
may be used at high temperatures and pressures. 

Design: Probe contains bridge network which becomes 
unbalanced due to change in dielectric when probe 
is immersed in liquid; unbalance of bridge network 
changes plate current of relaxation oscillator to op- 
erate a relay; relay may actuate valve, motor or 
alarm system; available in oil-filled housing for ap- 
plications requiring explosionproof installation. 


For more data circle MD-7, Page 199 











NEEDLE VALVES 6 
. » . accurately control fluid flow 
Fluid Controls Inc., 1284 N. Center St., Mentor, O. 


An ordinary wrench and 
screw driver are used to ad- 
just this valve. 





Designation and Size: 45000-2 has %-in. pipe size 
ports, weighs 5% oz, is 27, in. long, %-in. wide 
and 283 in. high; 45000-3 has %-in. pipe size ports, 
weighs 6% oz, is 2y, in. long, 1 in. wide and 243 
in. high; 45000-4 has \%-in. pipe ports, weighs 9% 
0Z, is 27s in. long, 1% in. wide and 3z, in. high. 

Service: Controlling fluid flow; easily adjusted; leak- 
proof; long trouble-free life; burst pressures exceed 
10,000 psi; 45000-2 has flow rating of 3 gpm at 200 
psi when fully opened; 45000-3, 4.8 gpm approxi- 
mately at 200 psi; 45000-4, 8.4 gpm approximately 
at 200 psi. 

Design: Steel bodies, copper-brazed; O-ring seal used 
on stem; adjustment locknut loads stem in same 
direction as fluid pressure; stem has slot to per- 
mit adjustment with screw driver. 
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FLEXIBLE CONDUIT 8 
... for use in wet locations 


American Brass Co., Waterbury 20, Conn. 


Claimed to be the first of its Go | 
kind to gain Underwriters’ 
Laboratories approval for use 
in wet locations. 





¥ 


Designation: Sealtite Type UA. 


Size: 3% to 1% in. ID. 

Service: Protecting wiring against moisture, oil, dirt, 
chemicals and corrosive fumes in permanent or tem- 
porary installations; overcomes problems of move- 
ment, vibration and misalignment both indoors and 
outdoors; light and flexible for easy installation; 
can be cut to any length. 

Design: Liquid-tight conduit; tough, extruded syn- 
thetic covering over flexible metal core; conduit is 
made of spirally wound, interlocked zinc-plated steel 
strip; on inside of conduit is a copper bonding con- 
ductor wound spirally in space between each con- 
volution; Underwriters’ approved fittings for use 
with conduit available. 
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LOW PRESSURE CONTROLS 9 
. -. for pressures from zero fo 20 in. of water 


Coral Designs Div., Henry G. Dietz Co., 12-16 Astoria 
Blwd., Long Island City 2, N. Y. 


Silicone-impregnated glass- 
cloth diaphragms assure long 
life at high or low tempera- 
tures. 





Designation: 101 P. 

Size: 5% in. high, 4% in. wide and 4 in. long; %-20 
pressure connection; %-in. conduit connection. 

Service: Opening or closing electrical circuits to con- 
trol air pressure; available for maximum pressures 
aluminum is waterproof. 
of 0.2, 0.4, 0.8 and 2.0 in. of water, respectively: 
electrical rating of 10 amp at 125 v ac or 5 amp 
at 250 v ac. 

Design: Single-pole, double-throw switch, actuated 
by diaphragm; housing of cast aluminum; external 
knob for setting operating point at any desired 
point in pressure range; available with static or 
impact pressure tube, if desired. 
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SELENIUM RECTIFIER CELL 1] 
... rated at 36 volts RMS 


Federal Telephone and Radio Corp., 100 Kingsland Rd., 
Clifton, N. J. 


Provides high efficiency, 
compact design and light 
weight, particularly for 
100 or more dec volts. 





Designation: 300 series. , 

Size: Cell sizes, 1 in sq, 13% by 142 in., 143 in. sq, 2 
in. sq, 25 in. diam, 3; in. diam, 37% in. sq, 436 in. 
diam, 4% by 6 in., 4% by 6% in., 5 by 6 in. 

Service: Providing rectified dc; continuous current 
ratings for resistive and inductive loads with nor- 
mal convecton cooling in 35 C ambient temperature 
are—single-phase half-wave 0.075 to 6 amp dc, 
single-phase bridge or center-tap 0.15 to 12 amp 
dc, three-phase half-wave 0.2 to 15.8 amp dc, three- 
phase bridge 0.225 to 18 amp dc, three-phase cen- 
ter-tap 0.27 to 22 amp dc. 

Design: Selenium rectifier cell; painted yellow-gold. 

Applications: Aircraft electrical equipment, servosys- 
tems, dc welders, battery chargers, power supplies, 
magnetic amplifiers and guided missiles. 
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DECADE POTENTIOMETERS 10 


.-» have linearity closer than +0.01 per cent 


Brown Electro-Measurement Corp., 4635 S.E. Haw- 
thorne Blud., Portland 15, Ore. 


Dial arrangement provides 
effective scale length of 
390 in. which is approx’- 
mately equivalent to that 
of a 100-turn helical po- 
tentiometer. 





Designation: Dekapot DP-211. 

Size: 3 in. diam, 7% in. overall length; extends 6 in. 
back of mounting panel; mounts on panel up to 
%-in. thick, has y,-in. panel bushing. 

Service: Varying electrical resistance; will dissipate 
5 w; maximum resistance, 10,000 ohm; accuracy, 
+0.05% or better; linearity, +0.01% or better; res- 
olution, 0.002%; very low variation with tempera- 
ture or frequency; resistance value easily set and 
easily read; life of 500,000 cycles or more. 

Design: Potentiometer made up of eleven 1000-ohm 
resistors, eleven 200-ohm resistors and one 400-ohm 
potentiometer; coaxial control knobs place read- 
ings on horizontal line; resistors noninductively 
wound of wire with low temperature coefficient 
of resistivity; also available in single-decade model 
and as rheostat. 


For more data circle MD-10, Page 199 





THERMAL SWITCH 12 
. » » operates over wide temperature range 


Burling Instrument Co., 5 Vose Ave., South Orange, 
N. J. 


May be easily set to operate 
at ‘any temperature between 
—300 and 300 F. 





Designation: Model B-1C. 

Size: Temperature sensitive tube, 5, 10 or 15 in. long, 
3, or %-in. OD; %-in. IPS thread for wiring con- 
nection. 

Service: Opening, closing, or opening and closing elec- 
trical circuits when set temperature is reached; 
switch contacts rated 15 amp at 125, 250, or 460 
v 60 cycle ac; operating differential of +% F can 
be obtained. 

Design: Thermal switch using differential expansion 
principle; expansion is multiplied by lever to ac- 
tuate snap-action switch; adjusting screw, dial and 
lock screw for changing temperature settings; 
switch may be normally-open, normally-closed or 
single-pole double-throw; switch housing of cast 
aluminum is waterproof. 
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SWITCH ASSEMBLY 13 
.«~ small, lightweight control for 7 circuits 


Micro Div., Minneapolis-Honeywell 
Freeport, Ill. 


Regulator Co., 


Made up of seven sin- 
gle-pole, double-throw 
switches, this assembly 
is only 4% in. long. 





Designation: 7AS71. 

Size: 14% by 15% by 4%. 

Service: Opening or closing seven electric circuits si- 
multaneously or in a desired sequence; individual 
switches rated 10 amp at 30 v dc inductive or heater 
load at sea level, 6 amp at 50,000 ft altitude; ac 
rating for inductive or heater load is 10 amp at 
125 or 250 v; assembly has exceptional vibration 
resistance. 

Design: Seven snap-action V-3 Micro switches and 
rotary actuator; eight detented switching positions 
at 45 degrees of rotation; switches actuated by 
cams and cam followers; other models using from 
3 to 8 switches and from 2 to 8 switching positions 
are also available. 
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DOUBLE REDUCTION DRIVES 15 
. « » low-speed for heavy duty service 


Sterling Electric Motors Inc., 5401 Anaheim-Telegraph 
Rd., Los Angeles 22, Calif. 


Infinite speed variation 
at low output rpm is pro- 
vided by these drives. 





Designation: Type KFEB. 

Size and Service: 20 hp size available with maximum 
output speeds from 176 to 42 rpm; 25 hp size has 
maximum speeds from 176 to 64 rpm; both avail- 
able with speed variation of 2 to 1, 3 to 1 or 4 to 
1; accurately maintain selected speed; for heavy- 
duty service. 

Design: Double reduction variable-speed drives; vari- 
able speed transmission utilizes variable-pitch pul- 
leys and V-belts; drip-proof, splash-proof and to- 
tally enclosed, fan-cooled models available; drip- 
proof and splash-proof models have straight-through 
cooling system; totally enclosed, fan cooled models 
have both internal and external cooling fans. 
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HERMETICALLY SEALED RELAYS 14 
. - - protected by dry nitrogen atmosphere 


Automatic Electric Sales Corp., 1033 W. Van Buren 
St., Chicago 7, Ill. 


These relays meet or exceed 
all provisions of MIL-R-6106 
specification for relays. 





Designation: RM 10 through 13. 

Size: 235 in. high, 1% in. wide and $}-in. thick; 6-32 
mounting studs; weighs 1% oz. 

Service: Ambient temperature range, —55 to 75 C; 
withstand 10.59 min vibration and 10 to 55 cycles 
per second with maximum excursion of 0.060-in.; 
will withstand 25g shock; operating time range, 
0.002 to 0.016-second; contacts, normally twin, will 
carry 135/w or 2 amps inductive or noninductive, 
will make or break 50/w or %4-amp inductive or 1 
amp noninductive; RM 10, 11 have coil resistance 
of 500 ohm and operate on 24 v with minimum cur- 
rent of 0.0254-amp; RM 12, 13 have 5000 ohm coil 
resistance and operate on 48 v with minimum cur- 
rent of 0.008-amp. 

Design: Metal-glass, solder-hook terminals; RM 10, 
13 have mounting studs on bottom; RM 11, 12 
have mounting studs on side; steel housings filled 
with dry nitrogen. 
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PHOTOELECTRIC COUNTER 16 
. .- packaged unit, easily installed 
Photoswitch Inc., 77 Broadway, Cambridge 42, Mass. 


Installed by mounting units 
in desired positions and plug- 
ging into 115 v ac outlet. 





Designation: PIC. 

Size: Light source is 2% in. wide, 3% in. long and 
3% in. high; photocell and relay unit is 5% in. 
wide, 8% in. high and 4% in. deep; counter is 
3% in. long, 1% in. wide and 2% in. high. 

Service: Counting to 600 counts per minute; operates 
on 115 v 60 cycle ac; relay rated 2 amp at 115 v 
ac, noninductive, will operate up to six counters; 
light beam must be completely broken and re- 
stored between counts for at least 1/20 second; 
maximum count 999,999. 


Design: Counter set, consisting of light source, pho- 
toelectric cell and relay and electric counter; when 
light beam is broken by objects being counted, re- 
lay actuates electric counter; light source uses 
standard 15 cp automotive lamp; control unit uses 
35L6 vacuum tube and 1P40 phototube. 
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THERMAL SWITCH 17 


. .. will operate at 2000 F 


Control Products Inc., 306 Sussex St., Harrison, N. J. 


> 


Temperature calibration within plus or minus 25 F 
has been maintained for 100 hr at 2000 F. 


Designation: Type ASA-21-2. 

Size: Maximum diam, 1% in., 7% in. overall length; 
144-20 NF-3 mounting threads; weighs 6 oz. 

Service: Closing electrical circuit when preset tem- 
perature is reached; electrical contacts rated %4 
amp at 28 v resistive; normal temperature range 
from 60 to 1500 F; will operate at 2000 F for 
short periods, not harmed by temperatures as low 
as —70 F; maximum head temperature, 800 F. 

Design: Thermal switch made of special stainless 
steel alloys; low expansion element is quartz rod; 
contacts are platinum iridium; may be had with 
34 NPT mounting threads; has two wires for mak- 
ing electrical connections. 
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FLUSH ACCESS DOOR 19 


. .. opened by half turn with screwdriver 
Hartwell Co., 9035 Venice Blvd., Los Angeles 34, Calif. 


Provides ready access for 
inspection and mainte- 
nance in_ sheet-metal 
structures. 





Size: Door diam is 1% in., accessible area of 1 by 1% 
in.; metal thicknesses from 0.020 through 0.091-in. 
in standard gages; weigh from 0.33 to 1.15 oz. 

Service: Providing easy opening access; one-half turn 
opens and removes doors; easily installed; doubler 
sheet eliminates necessity of making difficult cutout. 

Design: Flush, rotating access door; doubler sheet of 
stainless steel or Alclad installed by riveting or 
spot welding; available without mounting holes or 
with holes spaced to conform with strength require- 
ments and rivet patterns. 
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BEARING LOCKNUTS 18 
. -- have self-locking elastic inserts 


Bearing Locknut and Machine Co., 831 Bond St., 
Elizabeth, N. J. 


Self-locking feature of these 
nuts eliminates need for lock- 
washers and permits accurate 
bearing preloads. 





Designation: Shurlock. 


Size: 

Nominal Nominal 
oD Width Bearing Bore oD Width Bearing Bore 
(in.) (in.) (in. ) (in.) (in.) (in.) 

+f ts .6693 4d ag 3.5433 
1% & .7874 4% ai 3.7402 
1¥, 3% .9843 44} % 3.9370 
1% 1, 1.1811 5 4 4.1339 
133 l 1.3780 5a Ys 4.3307 
2 it 1.5748 544 +} 4.7244 
245 i 1.7717 6} 1 5.1181 
2% if 1.9685 643 1yy 5.5118 
23) ig 2.1654 THs 1% 5.9055 
244 ay 2.3622 7% ly; 6.2992 
3 4 2.5591 844 1% 6.6929 
3s 44 2.7559 8% 1% 7.0866 
375 a4 2.9528 9 1% 7.4803 
345 i} 3.1496 9} ys 7.8740 
4 fy aa 3.3465 


Service: Locking antifriction bearings on shafts; will 
not loosen in service; require no keyways in shafts, 
or lockwashers; permit precise bearing preload ad- 
justments; may be used to replace keyed locknuts 
if keyway is filled and threads rechased. 

Design: Made of 1018 steel; face runout does not ex- 
ceed 0.0005-in. total indicator reading; four slots 
spaced 90 deg for tightening or removal. 
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FLEXIBLE COUPLINGS 20 
... attach directly to flywheel 


Lovejoy Flexible Coupling Co., 5001 W. Lake St., Chi- 
cago 44, Iil. 


One end of these couplings 
is in flange form and has 
three or four tapped holes 
for fastening to a flywheel. 


Designation: Type C, modified. 

Size and _ Service: Driving 
shaft from flywheel; com- 
pensates for misalignment 
and absorbs vibration; no 
lubrication required; may 
be operated at higher speeds 
than shown in table; 





Bore Diam oD Max Hp Bore Diam oD Max Hp 
Max (at 100 Max (at 100 
(in.) din.) rpm) Cin.) (in.) rpm) 
2% 4% 2.20 4 9% 28.1 
2% 445 4.88 oT 95 33.3 
2% 5% 7.00 4% 10 48.3 
3% 65 11.00 45% 12 98.0 
3% 8 16.5 5% 13% 136.0 
3% 9 21.1 5% 14% 170.0 


Design: Flexible coupling; one end in flange form for 
fastening to flywheel face of engines; drive is 
through 6 or 10 segments of flexible material; four 
types of material available for varying conditions; 
standard coupling includes shaft key seat; specials 
for splined shafts available. 
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SPROCKETS 21 
. . . have interchangeable tapered bushings 
Boston Gear Works, 14 Hayward St., Quincy 71, Mass. 


The same size sprocket 
can be used on shafts 
from % to 2% in. diam. 





Designation: Shold-A-Grip. 


Size: For % to 3 in. diam shafts; for No. 40, 60, 80 
or 100 chain; sprockets have from 10 to 25 teeth. 

Service: Power transmission, easily installed and re- 
moved from shafts; can be used with shafts as much 
as 0.005-in. under size. 

Design: Sprockets for roller chain drives; tapered split 
bushings are drawn into sprocket bore by cap 
screws, forcing bushing to grip both sprocket and 
shaft; puller holes in bushing for forcing bushing 
out of sprocket; made of machine steel; can be 
case hardened; bushings have square key seats. 
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SERIES MOTOR 
... can be submerged in water 
EMC Div., Howard Industries Inc., Racine, Wis. 


Totally enclosed and hav- 
ing permanently lubricated 
and sealed bearings, this 
motor withstands severe 
environmental conditions. 





Designation: Model 710. 

Size: 3% in. end bell to end bell; shaft diam is ¥,-in. 

Service: Delivers 1/15 to 1/30-hp; available for 6, 
12, 24, 32 or 115 v ac or dc; withstands water sub- 
mersion and a wide range of temperatures; requires 
no lubrication. 

Design: Series wound electric motor; available with 
permanently lubricated and sealed sleeve or ball 
bearings; case is totally enclosed type, tightly 
sealed. 

Application: Blowers or fans. 
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SELF-ALIGNING BEARINGS 
. « » accommodate structural deflections 


Fafnir Bearing Co., New Britain, Conn. 


22 


A self-aligning outer ring al- 
lows these bearings to align 
them Ives with the shaft even 
thougt. -he housing moves. 


Designation: KP-BS series. 


Size and Service: Supporting 
shafts and compensating for 
misalignment; require no lubri- 





cation; 
Part No. Bore OD Weight Static Radial Static Thrust 
Load Load 
(in.) (in.) (ib) (Ib) (Ib) 
KP21BS 1.3130 2.250 0.20 5400 4400 
KP23BS 1.4380 2.375 0.22 5800 4700 
KP25BS 1.5630 2.500 0.25 6200 5000 
KP29BS 1.8130 2.750 0.27 7000 5600 
KP33BS 2.0630 3.000 0.30 8000 6400 
KP37BS 2.3130 3.250 0.33 8700 7000 
KP47BS 2.9380 4.125 0.64 12700 19200 
KP49BS 3.0630 4.250 0.69 15200 12100 


Design: Self-aligning ball; outer race fits inside ring 
having same curvature as race; bearings are pre- 
lubricated and sealed at the factory. 


Application: Aircraft control torque-tube bearing. 
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PRECISION POTENTIOMETER 24 


.. - functions during 50g acceleration 
G. M. Giannini € Co. Inc., 117 E. Colorado St., P.O. 
Box N, Pasadena 1, Calif. 
Jabal 


’ 


| 
i 





Standard linearity tolerance 
is +0.3% and special units 
of even higher linearity are 
available. 


Designation: Model 85196. 

Size: 1% in. diam; weighs 2% oz with sleeve bear- 
ings, 3% oz with ball bearings. 

Service: Continuously varying electrical resistance; 
will dissipate 3 w at 25 C; operating temperature 
range of —54 to 71 C; maximum resistances from 
2000 to 200,000 ohm; functions during 50g accel- 
eration along any axis; 0.5 oz-in. torque required 
to rotate ball-bearing model. 

Design: Wire-wound potentiometer; mechanical rota- 
tion can be 360 deg, or stop can be provided to give 
any rotation to 330 deg; standard electrical contact 
angle is 356 deg but can be as high as 360; syncro 
or screw-type mounting. 
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INTERRUPTER SWITCH 25 


... has gasketed enclosure 


Trumbull Electric Dept., General Electric Co., Plain- 
ville, Conn. 


Arc-quenching action of 
this switch prevents con- 
tact pitting thereby assur- 
ing long life. 





Designation: HCI. 

Size: 14% in. wide, 22% in. high and lily, in. deep. 

Service: Interrupts 200 amp at 600 v; dust resistant; 
long contact life. 

Design: Felt-gasketed steel enclosure meets NEMA 
1-A specifications; front operating handle of alu- 
minum; double-break contacts open and close with 
high speed and force; grid pins break arcs into 
series of smaller arcs and dissipate heat; available 
with or without provisions for fusing; also avail- 
able in lower ratings. 
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FUEL PUMP 27 
. . . weighs only one pound 


Romec Div., Lear Inc., Elyria, O. 


An integral relief valve 
is externally adjustable 
to provide discharge 
pressures from 8 to 20 
psi. 





Designation: Series RD-7420. 

Size: 244 by 2% by 348; weighs 1 lb; mounting holes 
on 1% in. centers; \4-in. inlet and outlet ports; %- 
in. drain port. 

Service: Pumping gasoline, diesel oil or special aro- 
matic blends; operate at speeds to 4500 rpm; easily 
disassembled for servicing; capacity of 2 to 30 gph 
at 15 psi and 3700 rpm; operates in either direc- 
tion of rotation. 

Design: Balanced vane pump; incorporates relief and 
by-pass valves; 12-tooth splined shaft per AND 
2000, teeth have 20/40 pitch and 30 deg pressure 
angle. 
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MAGNETIC AMPLIFIERS 26 
. . - operate instantly, last indefinitely 


Karl-Douglas Associates, 3160 W. El Segundo Blvwd., 
Hawthorne, Calif. 
These units function 
as highly efficient, 
low-cost devices in 
providing precision 
current control and 
amplification. . ae 





Size: Specially built for required service. 

Service: Controlling and positioning variable speed 
motors of all sizes within +1%, regulating both 
ac and de generator voltages, amplifying minute 
power inputs of thermocouples, strain gages, etc., 
into measurable quantities, controlling time delays, 
servosystems, automatic battery chargers, reel con- 
trols for synchronizing or governing a battery of 
motor drives, arc welding controls, metering of dc 
voltages and currents, controlling rectifier voltages, 
controlling hydraulic transmissions, and audio am- 
plifiers; contain no vacuum tubes; resist shock and 
vibration; little maintenance because of absence of 
moving parts or contact points; amplification of 
1,000,000 possible; protected from heat, cold, hu- 
midity or fungus by heavy plastic coating; small 
in size. 

Design: Magnetic amplifier of self-saturating type; 
uses saturable-core reactor and selenium rectifier 
which precent the reactor from becoming demag- 
netized by the ac voltage supply; can be designed 
to operate from any single or polyphase ac supply 
voltage, varying from few volts to several hundred, 
and at frequencies ranging from the lowest power 
frequency to megacycles. 
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PNEUMATIC CYLINDERS 28 
. « » Save space, easily maintained 


Westinghouse Air Brake Co., Industrial Products Div., 
Wilmerding, Pa. 


Foot, flange or pivot 
mounting adapt these 
cylinders to a wide 
variety of applica- 
tions. 





Designation: Type A. 

Size and Service: Pushing or pulling; easily main- 
tained; resist corrosion, sealed against dirt; length 
varies with stroke; 200 psi maximum recommended 
pressure; 


Max* Push-stroke Force 

Bore Diam Stroke oD (inlet air at 200 psi) 
(in.) Cin.) (in.) (Ib) 
1% 45 2% 353 
2% 30 3% 795 
60 35% 1412 
4 45 4 2512 
5 55 5 3926 
6 45 6 5654 
8 53 9 10052 
10 42 11 15708 


*May be increased if piston rod is in tension only. 

Design: Double-acting pneumatic cylinders; heads re- 
tained by circular clamps, eliminating tie rods: 
heads, of aluminum, may be rotated to any desired 
position; piston rods of carbon or stainless steel; 
bodies of carbon steel or brass; 8 and 10 in. bore 
sizes made with stainless steel rod and brass body, 
other sizes as ordered; O-ring and cup type seals; 
may be cushioned at one, both or neither end of 
stroke; kits for foot, flange or pivot mounting 
available. 
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SETSCREWS 29 
. « - have increased holding power 
Set Screw & Mfg. Co., 28 Main St., Bartlett, Ill. 


Larger cup diam than 
that of standard set- 
screws makes fuller 
contact with shaft pos- 
sible. 





Designation: Nu-Cup. 

Size: No. 2 through No. 10 and \%, + and %-in. diam; 
lengths % to 1 in. 

Service: Holding shaft-mounted pulleys, gears, etc.; 
deep penetration; has high holding power; high re- 
sistance to reversal. 

Design: Slotted headless and slabbed-head type set- 
screws; have large diam cup circle; made of hard 
alloy steel. 
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RELIEF VALVE 31 
. .. relatively insensitive to back pressure 
Pantex Mfg. Co., Hydraulics Div., Pawtucket, R. I. 


Relief pressure is constant 
over a wide range of back 
pressure. 





Size: %, % or %-in. tube ports; standard AN6279 
envelopes. 

Service: May be set to relieve at pressures from 900 
to 4500 psi; resists corrosion and attack by all 
commonly used hydraulic oils and fluids. 

Design: Pressure relief valve; all operating parts of 
stainless steel except springs in some pressure 
ranges; valve housing of anodized aluminum; sub- 
stantially the same as valve meeting MIL-V-5523 
specifications; can also be made with stee] housings. 
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ELECTRICAL RESOLVER SYSTEM 30 
... operates accurately over wide range 


Ford Instrument Co. Div., Sperry Corp., 31-10 Thom- 
son Ave., Long Island City 1, N. Y. 

The resolver system as- 
sures adjustment of in- 
put/output transforma- 
tion ratio and elimi- 
nates phase shift (re- 
solver shown). 





Size and Designation: Size 23 system uses either a 
basic resolver (2.25 in. diam) or a vector solver 
(2.25 in. diam); size 31 system uses either a basic 
resolver (3.10 in. diam), a basic bearing mounted 
resolver (3.625 in. diam) or a vector solver (3.10 
in. diam). 

Service: Providing resolution of mechanical and/or 
electrical scalar or vector inputs for computational 
devices, e.g., surface and antiaircraft fire control 
computers, offshore bombardment systems, navi- 
gational equipment; resolver system outputs used 
by computing systems to solve equations in auto- 
matic control systems; frequency, 400 + 5 cps max; 
input voltage, 0.25 to 12 v; input impedance 1 
megohm; transformation ratio (at 8.0 v input), 
1.0000 20° 0’; sin error value, +0.0006 max; cos 
error value, +0.0010 max; interaxis error +3’; tem- 
perature compensation from —60 F to +160 F; 
basic resolver handles one electrical and one me- 
chanical input; vector solver handles two electrical 
and one mechanical input; bearing mounted resolver 
handles two mechanical inputs and one electrical. 

Design: Electrical resolver system composed of sum- 
ming network box, high-gain computing amplifier 
and resolver. 
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OVERLOAD RELAY 32 
. .. combines time delay and fast operation 
Heinemann Electric Co., 309 Plum St., Trenton 2, N. J. 


A time delay period prevents 
operation of the relay on mo- 
mentary overloads but permits 
instantaneous operation on 
high overloads. 


Designation: Type C_ Silic-O- 
Netic. 

Size: 1% in. wide, 2% in. long, 
3% in. high; weighs 6 oz. : 

Service: Preventing damage to electrical equipment 
due to overloads; available for voltages to 440 v 
with coil ratings from 1 to 100 amp; standard re- 
sponse time at 125 per cent load is approximately 
100 seconds, at 600 per cent load approximately 
1 second; power consumption, 2 w; unaffected by 
ambient temperatures. 

Design: Single-pole, single-throw overload; time-delay 
device is iron core in hermetically sealed tube filled 
with silicone liquid; overload draws magnetic core 
toward armature but motion is resisted by liquid 
to give time delay at low overloads; on extreme 
overloads, armature action is instantaneous; con- 
tacts of fine silver; contact blades of heat-treated 
phosphor bronze; coil terminals for 4 to 14 gage 
wire; screw-type contact terminals for 14 to 18 
gage wire; sturdy molded phenolic housing. 
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PLASTIC PROTECTIVE COATINGS 33 
... applied by brushing, spraying or dipping 


Flexrock Co., Protective Coating Div., 3698 Filbert 
St., Philadelphia 4, Pa. 


Has excellent adhesion with no possibility of inter- 
coat separation. 


Designation: Flexcoat. 

Service: Protecting against corrosion caused by at- 
mospheric conditions, vapors, fumes, acids, alkalis, 
and spillage and splash of chemicals; can be ap- 
plied over old paints; has good adhesion to metal, 
wood or concrete over wide temperature range; 
primer and top coat homogeneous; has wide range 
of colors to decorate and identify machines and 
pipelines. 

Design: Plastic resin; vinyl resins and rubber resins 
formulated with acrylics; contains no oxidizing oils 
or resins; dries by solvent evaporation with no 
change taking place in film as it ages to lower its 
inertness to corrosive substances. 
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PLASTIC CABLE CLAMPS 
. « » flexible for easy installation 


Holub Industries, Sycamore, Ill. 


ARACe hw 





Made from pliable Saran plastic, these clamps can 
be easily opened to slide over wire, cable, pipe or 
tubing. 


Size: All have 0.204-in. diam mounting hole; loop ID 
of \, ts; y%, ts, 3%, te; 16, te, 48, 5, té, %, kh, 1, 
1%, 1¥4 and 1% in. 

Service: Supporting pipe, tubing, hose, wires or ca- 
bles; will not burn or corrode; unaffected by pro- 
longed immersion in water; resistant to mild acids 
and alkalis, chemicals and oil; have good abrasion 
resistance; inert to fungicidal attack. 

Design: Cable clamps of Saran plastic; rounded edges 
prevent insulation damage; resilience eliminates need 
of lockwasher in many instances. 
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NUT-CLIP FASTENER 34 
. . - facilitate assembly of steel sheets 
Prestole Corp., Toledo, O. 


This fastener is simply 
clipped to the edge of 
sheet metal panels. 





Designation and Size: 10-24, 12-24, 4-20, 4-28, 7-24 
and %-24 threaded nuts; all clips are of 0.035-in. 
material; 


Panel edge 

Part No. Clip Length Clip Width to center nut 
(in.) (in.) (in.) 

751-7 A BorC* % 5% rm 
751-9 ABorc 1 Ay ys 
751-11 A Borc 1% 5% tt 
751-13 A Borc 1% &% +3 
751-15 A Borc 1% By +3 


* Suffix indicates panel thickness, A—0.030 to 0.070-in., B—0.065 
to 0.105-in., C—0.100 to 0.140-in. 


Service: Easily clipped to sheet-metal panels; pro- 
vides multiple thread holding power. 

Design: Nut-clip fastener assembly; ends of clip act 
as lock washer; finished in phosphate coat and oiled, 
other standard finishes available as specials. 
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BROACH FIT BUSHINGS 36 
.-. can be installed in low tolerance holes 
Aeroquip Corp., Jackson, Mich. 


These bushings will work 
satisfactorily in holes with 
a maximum tolerance of 
0.002-in. while a conven- 
tional bushing must be 
used in a hole having a 
maximum tolerance of 
0.0005-in. 





Size: *; to %-in. bore in headless type, yy to %-in. 
bore in headed type; lengths from % to 1 in., OD 
of all sizes is %-in. larger than bore. 

Service: Providing wearing surface in plastics, cast 
and other metals; easily installed and locked in po- 
sition; can be removed and replaced without re- 
working hole; resist rust and corrosion. 

Design: Bushings of hardened steel; treated with black 
oxide penetrate; outer surface is series of small 
cutting edges which broach their way into position; 
material cut away as bushing is installed is held 
in chip retainer groove in outer surface of bushing; 
pilot 0.0025-in. smaller than OD assures correct 
alignment when bushing is installed. 
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for certain applications 
nothing can beat them 


O.. porous structure of 


Johnson Ledaloyl bearings and parts 
permits oil impregnation during manu- 
facture, making them self-lubricating. In 
operation, the oil is metered to the shaft 
and reabsorbed when the shaft is at rest. 
Should your specific application be dif- 
ficult or impossible to lubricate regularly, 
here is your answer. (j 


Other industrial uses are: Self-alignment, \ 
low-cost bearings or special parts, appli- \ 
cations where heavy duty service is not : 
a factor. Ledaloyl bearings and parts are é 
pressure molded to shape and size... 
no machining necessary ... hence their j 
low unit cost in large quantities. In 

numerous applications they give long, 





troublefree service. Johnson engineers 
will gladly help you determine whether 
you can use Ledaloyl bearings or parts. 
Write for an appointment. 


JOHNSON BRONZE COMPANY 
525 South Mill Street * New Castle, Pa. \ 








EARINGS 


OJupe 





JOHNSON BRONZE PRODUCES ALL TYPES OF SLEEVE 
BEARINGS: BRONZE-ON-STEEL, copper lead © STEEL 
BACK, babbitt lined © BRONZE BACK, babbitt lined © 
CAST BRONZE, plain or graphited © SHEET BRONZE, 
plain or graphited © CAST ALUMINUM ALLOY e¢ 
ALUMINUM-ON- STEEL. 


POPULAR sizes a straight, 
flanged and self-aligning 
bearings are available from 


stock. Write for catalog. 








' 
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HYDRAULIC CYLINDERS 37 
. - - designed fo resist abrasive wear 


Hydro-Line Mfg. Co., 707 19th St., Rockford, Ill. 
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Hardened piston rods 
and rod scrapers as- 
sure long service life 
where abrasive dusts 
cannot be avoided. 







a be = - ; : 
Os ‘ PY bar 
Yi, = a NEE WRENCH 
Designation: Series J. 

Size: 1144 to 10 in. bore, strokes to 6 ft. 


Service: Working pressures to 2000 psi or 3000 psi 
in nonshock service; resist damage due to rough 
handling; easily serviced; for operation with oil 
or water. 

Design: Comply with all JIC specifications; stee] bar- 
rels are bored and honed to 10 microinch finish; 
piston rods are hardened to 49 Rockwell C and 
ground to 10 microinch finish; O-ring seals be- 
tween end caps and barrels; wrench flats on ends 
of piston rods facilitate disassembly; available with 
flange, foot, eye or trunnion mountings. 
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PULSE-FORMING NETWORK 39 
... can function at 200 C 


PCA Electronics Inc., 6368 Longpre Ave., Hollywood 
28, Calif. 


i 
Though normal ambient | 
temperature rangeis—65 | 
to 105 C, special models 
function at even higher 
temperatures. 





Designation: PFN 7030B. 

Size: ;,;-in. diam, 1,4 in. long; 1% in. long leads. 

Service: Forms 0.15-microsecond pulse; impedance, 
1050 ohm; resists corrosion and moisture. 


Design: Pulse-forming network; potted in special resin 
compound; No. 22 solid copper, tinned leads; spe- 
cials for pulse widths from 0.02 to 20 microseconds 
available. 

Application: Radar, guided missile, and computer cir- 
cuits. 
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GASOLINE-BUTANE ENGINE 38 


... for trucks or industrial use 


Hall-Scott Motor Div., ACF-Brill Motors Co., Berke- 
ley, Calif. 


This engine can be sup- 
plied to run on gasoline 
or butane and is easily 
modified to run on either 
fuel. 





Designation: Model 1091. 

Size: 62% in. long, 47% in. high, 30% in. wide; dry 
weight of engine and accessories is 2300 lb; SAE 
No. 1 flywheel housing. 

Service: Rated 285 bhp at 2200 rpm for truck serv- 
ice when operated on gasoline, 318 bhp max at 
2200 rpm, 945 lb-ft max torque at 1400 rpm; rated 
320 bhp at 2200 rpm for truck service when op- 
erated on butane, max bhp is 345 at 2200 rpm, max 
torque is 1070 lb-ft at 1200 rpm. 

Design: Six-cylinder, four-cycle; 5% in. bore by 7 in. 
stroke, total displacement of 1091 cu in.; cylinders 
cast en bloc of chrome-nickel-molybdenum cast iron; 
7 main bearings; 12 crankshaft counterweights; 
figure 8 combustion chamber and swirl type valve 
ports; gasoline engine has compression ratio of 
6.4 to 1; butane engine has compression ratio of 
8.8 to 1; includes oil filters and oil cooler; also 
available with SAE No. % or 2 flywheel housings. 
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VARIABLE SPEED DRIVE 40 
. .- incorporates right-angle speed reducer 
Reeves Pulley Co., Columbus, Ind. 


Available in vertical or 
horizontal models_ with 
speed ratios from 2 to 1 
through 10 to 1. 





Designation: No. 1101-R. 

Size: Vertical model is 9% in. wide, 19% in. high 
and approximately 25 in. long; horizontal model is 
11 in. high, 16% in. wide and approximately 25 in. 
long; output shaft is 1% in. in diam and has % 
by y;-in. keyway. 

Service: Deliver 4%, %, % or % hp; available with 
speed variation of 2, 3, 4, 5, 6, 8 or 10 to 1; maxi- 
mum output speeds of 279, 227, 183, 148, 122.5, 99, 
80, 65.6, 56, 45.3, 37, 30, 24.5 or 20 rpm; for heavy- 
duty, continuous operation. 

Design: Combination motor, variable-speed transmis- 
sion and right-angle speed reducer; motors are 
standard face-mount type; transmission is Reeves 
V-belt and variable-pitch pulley type; gear reducer 
has alloy steel worm and gear; can be assembled 
with output shaft up, down or at right angles; 
may be obtained splashproofed or dustproofed; 
standard control is manual on unit, but remotely 
operated electric, hydraulic or pneumatic controls 
are also available. 
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.. to eliminate hit-or-miss 


machine lubrication 


aaa ae 


ALEMITE Accumeter 
CENTRALIZED LUBRICATION 





extends the protection of automatic lubrication 


13” 


to virtually any machine B“i6 a 


Adjustable 
Output Cop 





r 3 
A Te | Accumete, 
For fluid oil or 


delivering 


Valves 











Centralized lubrication with Ale- 
mite Type I Accumeter can make 
your machines produce more, last 
longer, and cost less to run—impres- 
sive savings at low cost! This simple, 
single-line system is completely ver- 
satile—easy to design, easy to build 
into any machine because valves fit 
directly on bearings, replacing 
grease fittings, oil cups or reservoirs. 


In seconds, in a fraction of the time 
required for hand lubrication, Ale- 
mite Accumeter Lubrication System 
delivers the exact, measured amount 


FACTORY-TESTED . . . FIELD-PROVED 


Proved in the field. Exhaustive tests showed no variation 
in the amount of lubricant discharged . . . 
73,312 lubrication cycles, equal to 122 years of 


twice-a-day service. 





REG. U. S. PAT. OFF. 
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ALEMITE 


of clean oil or grease from one cen- 
tral point to all bearings of a ma- 
chine. The machine keeps operating 
—no production time lost—no bear- 
ings are missed. No wonder 95% of 
big plants buying machine tools spe- 
cify centralized lubrication! 


Type 1 Accumeter Systems serve 
single machines or groups of ma- 
chines with semi-automatic or fully 
automatic lubrication. It is just one 
of three types of Accumeter Systems 
made by Alemite to meet your exact- 
ing requirements. 


even after 








ALL THESE ADVANTAGES! 


@ Eliminates shutdown time for lubrication. 
Adds productive time to machine output. 


® Seals completely against dirt, 
grit, water all the way from 
“Barrel-to-Bearing.” 


® Prevents bearing troubies due to neglect 
or use of wrong lubricant. 


® Services all bearings—including 
those inaccessible or dangerous— 
in one operation. 


® Avoids work spoilage and bearing 
repairs due to over-lubrication. 












HYDRAULIC CYLINDERS 4l 
..~ have cushion effect at both ends of stroke 
Fishburne Machine Co., P.O. Box 6006, Asheville, N. C. 


Screwed-on end castings elimi- 
nate leakage. 





Designation: Sealdraulic. 

Size: 1, 1%, 2, 2%, 3, 3%, 4, 4%, 5, 6, 7 or 8 in. 
bores; stroke as required. 

Service: 2000 psi working pressure; will not leak; re- 
sist wear; easily installed and piped; working me- 
dium, hydraulic oil. 

Design: Single or double-action cylinders; end cast- 
ings screw on, allowing ports to be positioned at 
any point for connecting piping; end castings sealed 
by gaskets; piston rod wiper prevents entry of dirt; 
available for flange, foot, trunnion or centerline 
mounting at either rod or head end. 


For more data circle MD-41, Page 199 


ELECTROMECHANICAL COUNTER 43 
. . - requires small hole in mounting panel 


Landis and Gyr Inc., 45 W. 45th St., New York 36, 
mw. 2 


An opening of only 4% by 1% 
in. is required for mounting 
this counter. 





Size: 4 in. long, approximately %-in. high and 1\%4 
in. wide; s4-in. high numerals. 

Service: Counts to .9999; actuated by electrical im- 
pulse; for 4 to 60 v.de operation; power require- 
ment, 1.4 to 2.5 w depending on voltage; maximum 
counting rate is 10 per second; impulses must be 
of 40 millisecond duration and separated by at least 
50 milliseconds. 

Design: Solenoid-operated counter; advances one-half 
unit when circuit is made, completes advance when 
circuit is broken; has two drilled holes for mounting. 
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FLEXIBLE HOSE 42 
. . has increased fatigue resistance 


American Ventilating Hose Co., 100 Park Ave., New 
York, N. Y. 


Tensile strength and 
resistance to abrasive 
wear are also better 
than in hose previous- 
ly manufactured by 
this company. 





Designation: Flexaust CWL, CWC, CWY. 

Size: 1% to 12 in. ID; OD is %-in. larger than ID 
for sizes to 9 in., yy,-in. larger for 10 to 12 in. sizes; 
stock length is 25 ft; weight per ft of 1% in. ID 
is approximately 0.15-lb, of 12 in. ID approximate- 
ly 2.7 Ib. 

Service: Ducting air, gases or airborne materials; 
CWL is airtight to 40 in. of water pressure or vac- 
uum; CWC and CWY are airtight to 50 in. of wa- 
ter pressure or vacuum; higher pressures may be 
handled, if minor seepage is permissible; recom- 
mended temperature limits are —40 to 200 F for 
CWL, —40 to 220 F for CWC and CWY. 

Design: Hose of neoprene coated fabric reinforced with 
90,000 to 120,000 psi tensile strength wire; cotton 
sheeting used in CWL, cotton drill in CWC, nylon 
fabric in CWY; minimum wall thickness is six lay- 
ers of material; lengths longer than stock available 
as specials. 
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CONVEYOR BELT IDLERS 44 
. . » have prelubricated, sealed bearings 


Continental Gin Co., Industrial Div., Birmingham 2, 
Ala. 


Operation for as long 
as three years without 
lubrication is claimed 
to be possible. 





Da 


Designation: Type UST. 

Size: 5 and 6 in. diam std; heavy duty rollers, 6 and 
7 in. diam; std for belt widths of 14, 16, 18, 24, 
30, 36, 42, 48, 54 and 60 in.; heavy duty for belt 
widths of 36, 42, 48, 54 and 60 in. 

Service: Prolong belt life by preventing grease leak- 
age onto belt; easily disassembled for cleaning and 
relubrication. 

Design: Troughing and return conveyor belt idlers; 
troughing idlers made up of three rolls and sup- 
porting frame, return idlers are single roll and 
mounting brackets; rolls of fusion-welded steel tub- 
ing or centrifugally cast tubing with induction- 
welded Meehanite heads; sealed and lubricated Tim- 
ken tapered roller bearings have Garlock seals; 
frames are heavy malleable-iron brackets, welded 
to inverted angle; heavy duty idlers have 50 to 
100% heavier roll shells, heavier shafts and heavier 
bearings. 
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are Adlake Mercury Relays 
particularly fitted to function? 
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In any installation that ae both 
sensitivity and lasting dependability . . . from 
traffic control systems to long range naviga- 
tion equipment . ADLAKE Mercury Relays 
will give superior service! 


Here are just a few of ADLAKE’S many applications: 


Radio transmission Incubators 

Standard telephone circuits Production time controls 

Precision control instruments Animated displays 

X-ray control Duplicator controls 

Air-conditioning and Communication equipment 
refrigeration controls Remote controls 

Voltage regulators Alarms 


The same engineering skill...the same 
high quality control standards . . . that have 
insured dependability in these installations are 
available for your relay problems. If you don’t 
find the relay you need in the ADLAKE catalog, 
it will be custom-built for you. Write for full 
information today—The Adams & Westlake 
Company, 1173 N. Michigan, Elkhart, Indiana. 
In Canada write: PowerLite Devices, Limited, 
of Toronto. 


EVERY ADLAKE RELAY GIVES YOU THESE PLUS FEATURES: 


HERMETICALLY SEALED—dust, dirt, moisture, oxidation and 
temperature changes can't interfere with operation. 


SILENT AND CHATTERLESS ¢ REQUIRES NO MAINTENANCE. 


ABSOLUTELY SAFE e MERCURY-TO-MERCURY CONTACT— 
prevents burning, pitting and sticking. 


—And every ADLAKE is tested—and guaranteed— 
to meet specifications! 


Established 1857 *« ELKHART, INDIANA « New York « Chicago 
Manufacturers of ADLAKE Hermetically Sealed Mercury Relays 
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DOUBLE MAGNIFIER 45 


. . - for duplex slide rules 


Flatto Management Co., 70 W. 40th St., New York 36, 
| a 


a 


Permits accurate read- 
ings on both sides of 
slide rule. 


és 


Designation: P. E. G. Duplex Magnifier. 

Size: For slide rule widths 1}3 in., 15¢ in., 1% in. and 
1% in. 

Service: For reading both sides of duplex slide rules; 
magnifying power, 2% times, insuring measure- 
ment accuracy; fits 90% of duplex slide rules in use. 

Design: Double magnifier, consisting of two precision- 
ground glass magnifying lenses; magnifier folds 
and fits in chamois bag to avoid scratching lenses 
when not in use; special version for 6 in. pocket 
duplex rules with magnifying power of 3 times. 


For more data circle M1-45, Page 199 





BEAM COMPASS 
. . « has direct-reading scale 
A. Partrick Co., P.O. Box 28, Westwood, N. 


ae srk aes ES 





yA 
cal 
Parallelism between center pin and scriber is assured 
with steel beam on edge. 


Designation: Omicron. 
Size: For up to 144-in. diameter circles. 


Service: General purpose drafting; automatically pro- 
vides positive. locking at any dimension; manual 
pumping of locking lever provides minute adjust- 
ments; no separate parts to put together. 


Design: Steel extension rule with scriber at end. 


For more data circle MD-47, Page 199 








PLASTIC TEMPLATE 46 
. . « for large isometric ellipses 
Rapidesign Inc., P.O. Box 592, Glendale, Calif. 


Supplements No. 123 
Rapidesign isometric 
ellipse template (MA- 
CHINE DESIGN, Sep- 
tember, 1952, Page 
200.) 





Designation: 124. 

Size: 10 in. wide; 6 in. high; 0.080-in. thick. 

Service: For isometric drafting; 25 ellipses, %-in. in- 
crements from 1% in. to 2 in., %4-in. increments 
from 2 in. to 7 in.; dimensions given refer to iso- 
metric axes—actual size along large axes is larger, 
i.e., 844 in. for 7-in. ellipse. 

Design: Made of mathematical quality plastic; cut- 
outs are precision milled; pencil allowance for ac- 
curacy. 


For more data circle MD-46, Page (99 





DC POWER SUPPLY 48 
. . . regulated by magnetic amplifier 


Perkin Engineering Corp., 345 Kansas St., El Segundo, 
Calif. 


= 
i] 
; 


Features no tubes and 
accurate regulation 
from no load to full 
load. 





Designation: MR 532-15. 

Size: 22 in. wide, 14% in. high, 17 in. deep; weight, 
125 Ib. 

Service: Rated at 5 to 32 v de and 15 amp continu- 
ously; regulation +1% for dc load variations from 
no load to full load; stabilized for ac line varia- 
tions from 105-125 v; ripple, 1% max. 

Design: Magnetic amplifier regulated; has magnetic 
circuit breaker on dc side with time delay provi- 
sion; has ac.on-off switch; provided with 4% in. 
ammeter and voltmeter; mounted in bench-type cab- 
inet; adaptable to 19-in. rack panel mounting; gray 
wrinkle finish. 


For more data circle MD-48, Page 199 
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1,000,000 


INDUSTRIAL ENGINES 








It’s a new world production record — never 
before accomplished. For 33 years BricGs & 
STRATTON has been establishing a long list of 
firsts. And now, in 1952, another is added. 
Briccs & STRATTON is recognized as the 
pioneer and the leader in its field . . . setting 
new standards, year after year in engineering, 


Whether you are a manufacturer, dealer or user 
of gasoline engine powered equipment — you are 
assured of top performance when you specify 
Briccs & STRATTON 4-cycle, single cylinder, 
air-cooled engines. They are the “preferred 
power” value all over the world. 











in design, in engine performance and BRIGGS & STRATTON CORPORATION 
in precision mass production. 6% Milwaukee 1, Wisconsin, U.S.A. 


ra 
2 


BRIGGS & STRATTON 














dreds of types of machines, tools and appliances. All are 
backed by a world-wide service organization, factory 
supervised, unequalled in the industry. 


Briccs & STRATTON 4-cycle, single cylinder, air-cooled 
engines are available from 34 to 814 hp. — in many 
models and types. They are preferred power for hun- 





r-— 


o 


In the automotive field, too, Briggs & Stratton is the recognized leader — and the world’s largest 
producer of locks, keys, and related equipment. 
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ELECTRONIC PRESET COUNTER 49 
. . . for three types of counting operations 


Berkeley Scientific Co. Div., Beckman Instruments 
Inc., 2200 Wright Ave., Richmond, Calif. 


TITTY We) 
ANMILUNI 
as 3 ©e@ty 3 4 


| 


Output information is 
produced at a preset 
count for automatic con- 
trol or to give a signal. 








Designation: 5422, 5423, 
5424, 5425, 5426. 

Size: Two and three decade—165% in. wide, 10% in. 
high, 13 in. deep; four, five and six decade—20% 
in. wide, 10% in. high, 15 in. deep. 

Service: For counting electrical pulses at rates from 
0 to 40,000 per second; at preset count, unit pro- 
duces pulse signal, resets and repeats indefinitely; 
output information can be obtained in form of posi- 
tive pulse and relay closure if preset count is 
reached at rate less than 10 times per second; will 
operate as straightforward counter to capacity of 
unit; will count to preset number and stop; count 
capacity—1 to 100, 1 to 1000, 1 to 10,000, 1 to 
100,000, 1 to 1,000,000; input sensitivity, +1 v 
peak with respect to ground, at least 2 microsecond 
duration; input impedance, 1 megohm; power re- 
quirement, 117 v ac, +10%. 

Design: Input circuit, electronic gate, cascaded pre- 
settable decimal counting units and output cir- 
cuitry; input events are amplified, shaped and 
used to drive cascaded decade units. 


For more data circle MD-49, Page 199 





RECORDING CAMERA 51 
... versatile, compact and lightweight 


J. A. Maurer Inc., Photographic Instrumentation Div., 
37-01 31st St., Long Island City 1, N. Y. 


Records at automatically 
controlled intervals. 


Designation: Auto Camera 
Mark 3A and 3B. 

Size: 8% in. long, 3% in. 
wide, 4 in. high. 

Service: For time-lapse re- 
cording, photomicrography, stereo and normal pho- 
tomacrography, and aircraft instrument recording; 
records at intervals from %4-second to as long as 
desired; automatically timed by electrical pulses; 
exposes 21 ft of 35-mm film per winding; Mark 3A 
copies 200 pictures on 1 x 1 in. frames; Mark 3B 
copies 300 Pictures on % x 1 in. frames; 5 shutter 
speeds from 1/10-second to 1/200-second and “time” 
exposure; may be controlled manually; field of 
view, 35 deg. 

Design: Pulse-operated, spring-powered; front or base 
mounted; film held in special cassettes; powered 
by spring-wound motor; exposure and film trans- 
port actuated by electrical pulses; electrical contact 
provided for external exposure indication or flash 
light-source; standard lens is 36-mm focal length 
f/3.5 in graduated focusing mount; standard lens 
available in special antivibration focusing mount; 
other lenses available; special models of camera 
have 6 and 9 in. lenses; accessories include in- 
tervalometers, power supply units for 100 v 60 
cycle ac, photomicrograph stands, and focusing mag- 
nifiers. 





od 


For more data circle MD-51, Page 199 








HIGH-SPEED RECORDER 50 
. .. for electroacoustical measurements 
Sound Apparatus Co., Stirling, N. J. 


Makes permanent, con- 
tinuous record of inten- 
sity variation of elec- 
trical signals over wide 
frequency range. 





Designation: HPL. 

Size: 16 in. wide, 16 in. high, 12 in. deep; weight, 35 
Ibs, chart paper, 2% in. wide. 

Service: For laboratory or field measurements of re- 
verberation, sound intensity, sound decay, loudness, 
sound absorption, vibration, noise; records db in- 
tensities from 0 to 100; input impedance—10,000 
ohms; frequency response, 20 to 200,000 cps—41 db; 
sensitivity, adjustable from 7 to 12 mv; paper 
speeds—1, 10 and 50 mm per second; two stylus 
speeds, 0.14 mm per second and 0.5 mm per second 
for full scale movement; power requirement—115 v, 
60 cycles, 200 w. 

Design: Servomechanism operation principle; input 
signals impressed across potentiometer; attenuator 
output amplified, detected and compared to dc ref- 
erence voltage; difference between signal and ref- 
erence voltage used to drive pair of magnetic 
clutches that control slider on input potentiometer 
and pen stylus; static pen position depends on ba!- 
ance between detector output voltage and reference 
voltage; recording scale depends on input potenti- 
ometer taper; interchangeable db, linear, - square- 
root and phon potentiometers available; extension 
shaft provided for driving remote oscillator or an- 
alyzer. 


For more data circle MD-50, Page 199 





ANALOG-TO-DIGITAL CONVERTER 52 
. . « eliminates reading analog plots 


Consolidated Engineering Corp., 300 N. Sierra Madre 
Villa, Pasadena 8, Calif. 


Converts test measurements di- 
rectly to numerical form. 


Designation: SADIC. 

Service: Converts test measurements 
from pressure pickups, thermocou- 
ples and strain gages directly to 
numerical values from 000 to 999; 
digital output, indicated by lighted 
panels, can operate readout equip- 
ment such as card punches, elec- 
tric typewriters, adding machines, 
binary type computers and mag- 
netic storage drums; can be used 
on any device or structure which 
reaches semistabilized conditions in actual opera- 
tion; maximum measurement frequency, 1 per sec- 
ond; accuracy, 1 part in 1000; 1 microvolt sensitiv- 
ity; can convert one or several measurements Sl- 
multaneously; any number of channels may be as- 
sembled and expanded at any time. 

Design: Specially designed, decimally divided Thomp- 
son-Varley self-balancing potentiometer; consists of 
three independent, bidirectional, ten-position step- 
ping switches which vary a highly stable dc ref- 
erence voltage in increments of 1/10 (hundreds), 
1/100 (tens) and 1/1000 (units); stepping switches 
are servo-adjusted so potentiometer output volt- 
age equals analog input signal; ratio of analog in- 
put to reference voltage is expressed as a three- 
digit decimal obtained from positions of potenti- 
ometer arms; power supply, 105-125 v, 60 cycles. 


For more data circle MD-52, Page 199 
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Brakemotor Prevents Drift, 
Saves Space on 
Niagara Bending Rolls 


Use of a motor incorporating a 
spring-applied, electromagnetically re- 
leased brake as an integral part of the 
motor design is an important factor 
in the simple, positive finger-tip con- 
trol of the bending rolls produced by 
Niagara Machine & Tool Works, 
Buffalo, N. Y. 

In the neutral position, rolls are in- 
stantly stopped by the action of the 
Brakemotor. This feature prevents 
drifting or overcoasting of the work 
in the rolls and thus permits more 
accurate operation. The fast, precise 
action of the brake allows work in 
the rolls to be reversed rapidly and 
frequently, without kicking out the 
thermal overload relays, as might 
occur in reversing by plugging. 

The Brakemotor also permits jog- 
ging in short increments. The opera- 
tor has complete and accurate control 
at all times. 





Precise control of this Niagara Bending 
Roll is made possible by the Star-Kimble 
Brakemotor shown ct lower left of machine 


Saving in Frame Sizes 


The Brakemotors used on these 
bending rolls are specially engineered 
to meet the speed and torque re- 
quirements of the application. As a 
result, Niagara has been able to use 
smaller frame sizes than would be 
possible with conventional designs. 

In bending roll service, an extreme- 
ly high torque is required when the 
plate is first started through the rolls. 
In the Brakemotors used on a typical 
size of Niagara Bending Roll, a 7% 
hp motor provides the same starting 
torque as a 15 hp motor. Moreover, 
this 7% hp motor is built in a smaller 
than standard frame size. 

These features of fast, accurate 
Stopping, reversing and inching on 
short cycles and smaller frame sizes 
are made possible by the brake ac- 
tion which eliminates the need for 
plugging and by the added safety fac- 
tors for heavy duty which are built 
into the motors. 

The Brakemotors are built by Star- 
Kimble Motor Division of Miehle 
Printing Press and Mfg. Co., 201 
Bloomfield Avenue, Bloomfield, N. J. 
Complete details are given in Bulle- 
tin B-501-A, copies of which are avail- 


able on request from the manufac- 
turer. 
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START STOP! START STOP! START STOP! START 





TOP! START STOP! START STOP! START STOP 


Instantaneous Drag-free 


TOPS! STARTS 


‘) 








STOP! START STOP! START STOP! START STOP! 
minute after minute YEAR AFTER YEAR 


with Star-Kimble Brakemotors 


That extra-large brakelining area you see brings a Star-Kimble Brake- 
motor and its connected load to an extra-fast stop—as short as a fifth 
of a second from full speed to standstill if desired. 


And the small air gap contributes to equally fast starts. Brake is released 
the instant motor current is switched on—equipment starts without drag. 


That's the story of a single Star-Kimble stop-start cycle. And the expe- 
rience of user after user proves that Star-Kimble Brakemotors maintain 
the same split-second stops, the same smooth starts, through hundreds of 
thousands of cycles. In reversing service, conventional plugging methods 
with a typical 5 hp motor allow only 3 starts per minute. With a 
Star-Kimble Brakemotor, the figure is boosted to 10! 


Of course, every Star-Kimble Brakemotor is a compact, integral unit 
designed to save space—and give rugged, dependable performance. 
One manyfacturer—one responsibility. 






For the full story, write for Bulletin B-501-A 


TAR-KIMBLE 


MOTOR DIVISION 
LE PRINTING PRESS AND MFG. CO. 


1 Bloomfield Avenue Bloomfield, New Jersey 
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contact KAYUUN or 





FOR ALL TYPES OF BALL AND ROLLER BEARINGS: 4” BORE TO 120” 





So big! This super-precision turret bearing is so big that these four 
beauties stood comfortably inside only a portion of the 7-foot diameter 
to have their picture taken. © KAYDON also created the initial pilot-bearings 
(28.333” 1.D. x 33.375” O.D. x 2.875” section) for cupolas of Patton 
T-48's. © Both sizes of bearings were uniquely engineered with internal 


gears cut integral with the inner race. 


In many types of heavy-duty industrial machinery and war 


equipment, unusual KAYDON Bearings have been designed to make 
tough jobs easier, with dependable, controlled precision. 


We'll be glad to work with you 


... KAYUUN 


skegon 


OUTSIDE DIAMETER 


ee a 


Photo by courtesy of Chrysler Delaware Tank Plont 


Dependable KAYDON BEARINGS 


in world's greatest tank ! 


Pop 0. 


Some details of performance of the new Patton 
T-48 tank may remain closely guarded secrets. 
but now it can be told that KAYDON created the 
initial pilot-bearings for its gunmounts and cupola. 


More than merely a masterpiece in tank en- 
gineering, the Patton 48 is also an outstanding 
economic achievement... Army’s most economi- 
cally produced tank ... resulting from fine team- 
work of industry and labor. 

Today, manufacturers of tanks . . . guided by 
KAYDON . . . are also producing these big super-pre- 
cision bearings. Vital precision facilities thus are 
multiplied to speed production. 


The Patton 48...speedy, most mobile of all 
tanks...is a symbol of insurance for peace 
through strength! Manufacturers contributing to 
this achievement take pride in confidence that 
America’s industrial brains and skill, mobilized 
in a democracy, can meet any challenge! The 
Patton 48’s are here... and they came fast! 


on difficult bearing problems. 
KAYDON Types of Standard and Special Bearings: 


Spherical Roller ¢ Taper Roller ¢ Ball Radial ¢ Ball Thrust 
¢ Roller Radial ¢ Roller Thrust ¢ Bi-Angular Bearings 
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SPRING HOLDER-STEEL 









SPRING-STEEL 
-- RETAINERS-STEEL 








FRICTION RING-NEOPRE NE 










LSEAL FACE-CARBON 
VSEAL SEAT-CLOSE GRAINEDO 








CAST I@ON 








E-FREE ‘SHAFT SEALING “E 


) Tt 





























Condensing Units in many cases must stand up to extremely 
rugged operating conditions in various refrigerating and air con- 
ditioning applications. A secure Shaft Seal is of vital importance 
to assure continuous, trouble-free compressor operation. That’s 
why major producers of this kind of equipment have standardized 
on Rotary Seals for years . . for they, like many other leading 
manufacturers in diverse fields, have gained on-the-job proof 
that Rotary Seals mean Shaft-Sealing Certainty. 


Most ROTARY SEALS are specially adapted for a given appli- 
cation from the basic ROTARY SEAL principle. Our engineers, 
experienced in the solution of Shaft Sealing problems for manu- 
facturers large and small, will be glad to consult with you on your 
requirements. It’s wise to call 








mechanical 
seals 


rotating 
shafts 
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SEAL 





a practical solution of a uni- 
versally troublesome prob- 
lem. Our booklet "SEALING 
WITH CERTAINTY” explains 
and illustrates the principle. 
We're glad to send it to you 
without obligation. 





us in at the drawing board stage—we can often sug- 
gest the simplest design approach from the Shaft-Seal- 
ing standpoint, based on successful jobs in many lines. 














Microtomie 


the drawing pencil 










that holds up 


under pressure 


Smoothness... absolute uniformity... 
deep print clarity—you can virtually 
feel them in Eberhard Faber’s new 
Microtomic drawing pencil. And— 
under today’s pressure in the drafting 
room, few things are more important in 
a pencil. 


yO aan 


Representing the finest in Eberhard 
Faber research and development of 
drawing pencils, the Microtomic will 
stand the most rigid drafting room com- 
parison. Order some — test them — today. 


cee 


‘008 


BEQHARD 
bh 


Van Drwe BAB 


Only Microtomic gives you 
all these features 


Hi- DENSITY LEADS 


Lines are opaque to actinic rays 
of high speed ‘printers’. 


ABSOLUTELY UNIFORM 


Every Microtomic of the same 
degree marking is identical. 


NEW DUSK GRAY 


Scores of professional men 
acclaimed it the best color for a 
drawing pencil. 


BULL'S-EYE DEGREE MARKING 


Easier to read... quicker to find 
—positive identification. 


ALSO — Choice of Holders and 
Microtomic Drawing Leads in all 
degrees. 


EBERWARD 
FABER 
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Mfg. Co., Mount Gile- 
ad, O., has announced 
the promotion of Wil- 
liam H. Bennett to 
the position of direc- 
tor of engineering. 
Mr. Bennett first 
joined the company 
in 1939 on a special- 
| ized training program 
from the University 
| of Cincinnati and 
| thereby received a 
| broad practical 
| knowledge of hydrau- 
lics in actual shop 
practice as well as 
engineeering. Upon 
receiving his mechanical engineering degree in 1943, 
he returned to the company. Mr. Bennett has also 
served as chief of the Forge and Press Equipment 
| section of the Metalworking Equipment division of 
the National Production Authority in Washington. 


S 


| The Hydraulic Press 





William H. Bennett 


| 
| 
| 
| 
| 


Ford Instrument Co., division of the Sperry Corp., 
Long Island City, N. Y., has appointed Henry F. Mc- 
Kenney as chief engineer. A graduate of the Univer- 
sity of Cincinnati, Mr. McKenney came to the com- 
pany eleven years ago as a test engineer. He entered 

| the design engineering department shortly thereafter 
and has specialized in airborne equipment. For the 


past two years he has served as assistant chief engi- 
neer. 


e 


Cyril G. Veinott has joined the Reliance Electric & 
Engineering Co., Cleveland, as consulting engineer on 
ac machinery. Dr. Veinott is responsible primarily 
for the development and improvement of design meth- 
ods and related engineering work on both standard 
model and special purpose ac motors. He comes to 
Reliance from the Westinghouse Electric Corp. where, 
for the past 25 years, he has been engaged chiefly in 
small motor engineering. 


° 
To act as supervisor and technical consultant for 


the design of commercial and amateur radio receivers, 
Leslie Norde has joined the Hammarlund Mfg. Co. 


since 1849 | Inc., New York, as chief receiver engineer. He pre- 


viously served for approximately five years as senior 
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project engineer at Northern Radio Corp., supervising 
the design of space diversity receivers and carrier 
shift radio teletype transmitting equipment. From 
1944 to 1947, Mr. Norde was associated with Press 
Wireless Mfg. Co. as a development engineer, where 
for about two years he was supervising engineer of 
the development laboratory, with responsibility for the 
initial electrical designs of radioteletype and facsimile 
receiver and transmitter systems. 


¢ 


New assistant Edi- 
tor of MACHINE DE- 
SIGN, Robert C. Rod- 
gers is introduced in 
“Over the Board,” 
Page 4 of this issue. 





Robert C. Rodgers 


¢ 


Francis John Zimmerman has joined the mechanical 
division of Arthur D. Little Inc., Cambridge, Mass. 
He was formerly a research assistant at Massachusetts 
Institute of Technology. 


Cledo Brunetti has 
accepted an executive 
research post with the 
mechanical division of 
General Mills Inc., 
Minneapolis. A grad- 
uate of the University 
of Minnesota, Dr. 
Brunetti received his 
Ph.D. in electrical en- 
gineering there in 
1937. Associated with 
the National Bureau 
of Standards in Wash- 
ington, D. C., for 
eight years, he was 
chief of the engineer- 
ing electronics section 
when he left NBS to 
join Stanford Research Institute in 1949. He served 
a8 associate director of the Institute. Dr. Brunetti’s 
work at General Mills will include setting up a new 
general research laboratory as well as industrial de- 
velopment of the company’s mechanical division. 





Cledo Brunetti 


SJ 


E. William Place, member of the engineering depart- 
ment of Beckman & Whitley Inc., San Carlos, Cailif., 
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This special fiber Pittsburgh 
Brush has removed excess solder 
from seam of can shown emerg- 
ing from cleaning machine—at 
the American Can Company. 





"Wouldn’t be without them!” 
say the men who use... 


i driven Pittsburgh Brushes 
for longer life, better work! 


Last longer, much safer—Cloth brushes formerly used 
at the American Can Co., Jersey City, to wipe excess 
solder from can seams lasted less than an hour, occasion- 
ally caught fire. Switching to special fiber Pittsburgh 
Brushes, American Can now gets better than 15 hours life 
per brush and the fire hazard has been eliminated. Super- 
visory personnel reports: “‘We wouldn’t be without them!”’ 


Last longer, do better job—In producing wall and ceil- 
ing panels, at the Barclay Manufacturing Co., New York 
City, dust caused by routing ‘‘mortar lines” settles on the 
panels, must be completely removed before panels can be 
bake-finished. Brushes originally used had a short life span, 
wore unevenly, and did so poor a job that many baked 
panels had to be completely refinished to pass inspection. 
Since even a “fairly good’”’ brush would not do, Barclay 
searched for the “perfect”? brush—and chose Pittsburgh! 
Result: Better work, and costly refinishing eliminated. 


Last longer, better constructed—The Windalume Corpo- 
ration, Kenvil, N. J., manufacturers of aluminum windows, 
uses Pittsburgh wire brushes to remove burrs caused by 
milling. The wire bristles on the brushes used formerly 
broke off easily. Windalume replaced them with Pittsburgh 
Brushes because they are better constructed—and Pitts- 
burgh Brushes last longer! 


WRITE TODAY FOR FREE BOOKLET! 
Write today for a free copy of our booklet that 
shows, through ectual case histories, how Pittsburgh 
can help cut your brushing costs. Address: Pitts- 
BURGH Pate Grass Company, Brush Div., Dept. 

W-5, 3221 Frederick Ave., Baltimore 29, Md. 


PITTSBURGH 
bere 


Fewer Univer 


BRUSHES * PAINTS * GLASS * CHEMICALS * PLASTICS * FIBER GLASS 


PITTSBURGH PLATE GLASS COMPANY 
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has been promoted to the position of project engineer. 
Before joining this company he was engaged in design 
and project engineering activities with Carter Carbur- 
etor Corp., Jackson and Moreland, Brewster Aeronau- 
tical Corp. and the Air Technical Service Command 
of the U. S. Air Force. 


New chief engineer 
of Taylor Instrument 
Companies, Roches- 
ter, N. Y., is Ralph E. 
Clarridge. He replac- 
es Karl H. Hubbard, 
who was named tech- 
nical director. Mr. 
Clarridge, a graduate 
of Ohio State Univer- 
sity, has been associ- 
ated with the com- 
pany since 1930. He 
started in the re- 
search department as 
a physicist and trans- 
ferred four years la- 
ter to the application 
engineering depart- 
ment, where he was concerned with application of the 
company’s line of industrial process control instru- 
ments to the petroleum and canning industries. Suc- 


Ralph E. Clarridge 








ceeding Mr. Clarridge as manager of the application 
engineering department is George E. Howard, former- 
ly assistant manager. 

Mr. Hubbard joiaed the company in the research 
department in 1928 and became head of the depart- 
ment in 1931. From 1938 to the present time he 
served as chief engineer. In his new capacity as tech- 
nical director, he will act as technical consultant, with 
responsibility for research activities. 

- 


Doman Helicopters Inc., Danbury, Conn., has ap- 
pointed John W. Mazur as chief design engineer. Re- 
cently head of the engineering section of the Rotary 
Wing branch of the Flight Test division at the Mary- 
land Naval Base, he established methods of flight test- 
ing helicopters and of reducing test data for the Navy, 
and assisted the Navy and other agencies in preparing 
helicopter specifications. He also served at Hamilton 
Standard Propellers for six years as test engineer and 
later as rotary wing design engineer. 

¢ 


Cleveland Valve Div. of the Parker Appliance Co., 
Cleveland, has appointed Robert C. Dyrenforth to the 
post of division engineer, with both product and proc- 
ess engineering responsibilities. He joined the com- 
pany last year, and was formerly associated with the 
Swartwout Co. as assistant chief engineer. 

SJ 
P. C. Smith was recently appointed manager of the 


Transportation and Generator Div. of Westinghouse 
Electric Corp. at East Pittsburgh, Pa. Mr. Smith 











Save Time 
and Money 


WITH 


“DIAMOND F' 















SNAP-INS 


THE HART MANUFACTURING 
COMPANY 
118 Bartholomew Ave., Hartford, Conn. 





Consistently tops in quality, “Dia- 
mond H” snap-in toggle switches, 
outlets, pilot lights and inter-con- 
necting load plugs are making 
important contributions to the per- 
formance of leading makes of major 
appliances, electrical housewares, 
beauty parlor, air conditioning and 
ventilating equipment and other 
devices. 

Users like them . . . for their de- 


pendability, their appearance and 
the man hours they save on assem- 


bly lines. Just snap them into place 
(wiring up before or after) and 
spring clips hold them firmly. Wide 
flanges eliminate need for close tol- 
erances in finishing around installa- 
tion holes. 


Switches, rated 15 and 20 A. 125 
V.; 10 A., 250 V., A.C., and also with 
h.p. ratings. Pilots rated 115 V. or 
230 V., A.C. All four devices avail- 
able in black, white, brown or spe- 
cial color plastic to harmonize with 
your product. Send us your require- 
ments today. 
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For... 


Gear Reduction Units 
Aircraft Reciprocating Engines 
Automotive Accessories 
Jet Propulsion Units 
Washing Machines 
Standard & Special Machine Tools 
Electrical Power Equipment 
Business Machines 


If you have a shaft sealing problem, Gits experience 
in these and many other specific applications can 


ne 
Cartridge Seal . . . pressure prove of great and immediate value to you. 


balanced . . . requiring 
only 25% more space Write today for FREE illustrated Brochure, or 


than lip-type seals. send us your seal problem. 


GITS BROS. MFG. Co. 


1868 S. Kilbourn Ave. » Chicago 23, lil. 


4 
rij Ne) 
Gits Lubricating Devices, a | =" , 
The Standard For Industry For Over 40 Years | ae, 
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Ferber Corp. of Englewood, N. J. in 
building its own hydraulic printing presses 
to impriot its nationally known line of 
Presdon Vu-Riter pens, had a tricky pack- 
ing problem. They tackled it—licked it—and 
presented another example of how Palmetto 
G-T Rings give better answers to tough 
packing assignments. 


Rod had to be Oil Free... 





Ferber’s press had a chrome plated %4” piston rod 
reciprocating 144 strokes/min.; Working Pressure— 
550 psi; Hydraulic Medium—"Sunvis” 916; Tempera- 
ture—approx. 150 F. Oil, if carried on rod, would 
contaminate stock and interfere with printing . . . 
therefore rod must be free of oil. 
PALMETTO G-T Rings the Answer... 
Other type packing rings were 
tried but when results were not tal 
satisfactory, glands were modi- 
fied to accommodate Palmetto <> 
G-T Rings. After 6 months without maintenance, Ferber 
installed Palmetto G-T Rings in four more machines 
with equally good results. (NOTE: Each of these rods 
“travel” nearly 9 miles in a working day!) 
4 
Palmetto G-T Rings are recommended for use as seals 
in hydraulic and pneumatic cylinders and valves, weld- 
ing machines, hydraulic steering gears, control units, 
testing equipment and in applications where simplifi- 
cation of design and weight are prime factors. Extru- 
sion of the packing material is eliminated. Where can 
Palmetto G-T Rings help you? 
Write for your complimentary copy of the new 
Greene, Tweed manual. This helpful 32-page 
handbook for the design engineer covers 


Palmetto G-T Packings in detail—as well as 
other noteworthy Palmetto Molded Packings. 
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Men of Machines 





joined the Westinghouse graduate student training 
course at East Pittsburgh and later attended the 
company’s engineering and design schools. In 1929 
he was appointed design engineer of induction motors 
for the Transportation and Generator Div. and became 
assistant to the manager of that division in 1944. In 
June of last year Mr. Smith received the Westing- 
house Order of Merit “for his proficiency in designing 
large motors for special and difficult applications. . .” 


¢ 


Nathaniel K. Zelazo has been appointed vice presi- 
dent of Ketay Mfg. Corp. of New York and Hawthorne, 
Calif. He will help direct expanded operations in the 
company’s field of automatic contro] system develop- 
ment and manufacture for government and industry. 
Mr. Zelazo was formerly with the Department of De- 
fense, Electronics Production Resources Agency. 
Working with the Bureau of Ships and the Bureau of 
Aeronautics, he pioneered in the research and devel- 
opment of miniaturized electronic components, fire con- 
trol radar systems and airborne control systems. 


° 


A specialist in the computation, design and develop- 
ment of fractional-horsepower motors, Jack Miller re- 
cently joined the engineering staff of Holtzer-Cabot, 
division of National Pneumatic Co. Inc., Boston. Dr. 
Miller was educated and worked for a number of 
years in Europe. 

+ 


R. H. Zeilman was recently named director of engi- 
neeering at Thew Shovel Co., Lorain, O.; M. L. Sheetz 
was appointed chief executive engineer; and O. Von 
Mehren was named chief design engineer. At the 
same time E. C. Brekelbaum, former vice president 
and executive engineer of Harnischfeger Corp., was 
named to the newly created post of director of meth- 


ods. 
¢ 


Chain Belt Co., Milwaukee, recently appointed Bern- 
hard G. Schneider to the newly created post of assist- 
ant chief engineer, conveyor equipment section, of the 
Conveyor and Process Equipment Div. Mr. Schneider 
joined the company in 1926 and has since served in 
various technical and supervisory capacities. 


° 


Arthur F. Erwin and Edward F. Brill have been 
appointed manager and chief engineer, respectively, 
of the atomic power section of Allis-Chalmers Mfg. 
Co., Milwaukee. Mr. Erwin joined the company in 
1935, completed the graduate training course and was 
named an assistant engineer in the engine and con- 
denser department. In 1943 he was appointed secre- 
tary of the development committee and in 1951, assist- 
ant manager of the atomic power section. Associated 
with Allis-Chalmers since 1941, Mr. Brill spent 21 
months as a graduate training student in various sec- 
tions of the electrical department. He has been en- 
gaged in development engineering work since 1943. 
He transferred to the atomic power section in 1949 
and three years later was named engineer-in-charge. 
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THE ENGINEER'S 


Library 


\Recent Books 


/ Fatigue and Fracture of Metals. Edited by William 


M. Murray, associate professor of mechanical engineer- 
ing, Massachusetts Institute of Technology; 321 pages, 
6 by 9 inches, clothbound; published jointly by The Tech- 
nology Press of the Massachusetts Institute of Tech- 
nology and John Wiley & Sons Inc., New York; avail- 
able from MACHINE DESIGN, $6.00 postpaid. 


Fourteen papers, presented at a special summer 
conference on the Fatigue and Fracture of Metals at 
the Massachusetts Institute of Technology in June 
of 1950, make up the contents of this book. Purpose 
of the volume, as stated by J. C. Hunsaker in the 
foreword, is “that this publication will, as a survey 
of existing knowledge and expert opinion, contribute 
usefully to the improvement of our control of the 
basic elements involved in the problem of fatigue 
and fracture.” Subjects treated include a general 
survey of the problem; fatigue in aircraft; brittle 
fracture and fatigue in ships and machinery; internal 
stresses and fatigue; designing for fatigue; brittle 
behavior in metals; statistical aspects; cumulative 
damage in fatigue; significance of transition tempera- 
ture; influence of metaiiographic structure; fatigue 
at high temperatures; and techniques for studying 
damage. 


Mechanics. By J. L. Meriam, associate professor of 
engineering design, University of California; Part 1— 
Statics, 352 pages; Part 2—Dynamics, 345 pages; 6 by 9 
inches, clothbound; published by John Wiley & Sons Inc., 
New York; available from MACHINE DESIGN, postpaid; 
Part 1, $4.00, Part 2, $4.00. 


Engineering or applied mechanics is the subject 
of this basic text which has been made up in two 
volumes—statics and dynamics. Fundamental prin- 
ciples have been emphasized, particularly with respect 
to their application to practical problem solutions. 
Selection of problems, which have been graded ac- 
cording to difficulty, has been based on actual situ- 
ations rather than idealized conditions. Both text 
material and problems are well illustrated. Part 1, 
Statics, deals with principles of mechanics, force sys- 
tems, equilibrium, structures, distributed forces, 
beams, friction and virtual work. Part 2, Dynamics, 
begins by repeating the first chapter of Part 1 on 
principles of mechanics and goes on to treat kine- 
matics, kinetics, acceleration, work, energy, impulse, 
momentum and periodic motion. Concluding portions 
of both books have appendix sections which cover 
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BEARINGS 





... wile Omooih, Lough, 
Lu Pm NY LON 


Solve Many 
Bearing Problems 


e RESILIENCY RESISTS POUNDOUT @ PERMIT DRY 
OPERATION « MINIMIZE-ABRASION FAILURES e 
SILENT OPERATION @ LOWER FRICTION @ SUPERIOR 


CORROSION RESISTANCE @ OPERATE IN LIQUIDS e 
ELIMINATE FRICTION OXIDATION @ LIGHT WEIGHT 


e@ DAMP MECHANICAL VIBRATION e@ EXTREMELY 
COMPACT @ CLOSE FITS @ NON-CONTAMINATING e 
LOW COST e@ LONGER LIFE @ LESS MAINTENANCE 
@ BEARING SURFACE INSTANTLY REPLACEABLE 


*NYLINED Bearings have a highly engineered thin liner of 
DuPont Nylon, designed to bring bearing users the many bene- 
fits of Nylon as a bearing material by solving most of the 
limitations surrounding its use. 


For further information and the name of your local representative, write 
THOMSON INDUSTRIES, Inc. 


Dept. 9 
Manhasset, New York 






Also Manufacturers of BALL BUSHINGS... 
The Ball Bearing for Linear Motions 
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available 
for over 


COMBINATIONS 


of door 
and frame 
thicknesses 


Hartwell Trigger-action Flush 
Latches are produced in over 300 
stock combinations of bolt and 
trigger offsets. We can supply a 
latch for any door of any thickness 
to be latched in a frame of any 
thickness to your specifications. 
No altering of panels and frames 
is necessary when Hartwell Flush 
Latches are installed. Offsets of 
bolt and trigger are stamped on 
each part for rapid and accurate 
selection of the correct latch 

for each installation. 

All Hartwell Flush Latches and 
Hinges are the result of over a 
decade of continuous specialized 
design and manufacture. 


Write for new 
Flush Latch and 
Hinge Catalog. 


HARTWELL 


COMPANY 


9035 VENICE BOULEVARD, 
LOS ANGELES 34, CALIFORNIA 











The Engineer's Library 





moments of inertia of areas and masses and useful 
tables. 


° 


Textbook of Engineering Materials. By Melvin Nord, 

sociate professor of chemical engineering, Wayne Uni- 
versity; 528 pages, 6 by 9 inches, clothbound; published 
by John Wiley & Sons Inc., New York; available from 
MACHINE DESIGN, $6.50 postpaid. 


Basic engineering concepts of the properties of raw 
materials and their manufacture into engineering ma- 
terials are discussed in the first half of this book which 
is designed primarily for engineering students. The 
second half deals with the problems of uses and pro- 
duction as applied *» specific materials 


Manufacturers’ Publications 


Weldability of Metals. 141 pages, 54% by 8% inches, 
paperbound; available from the Lincoln Electric Co., 
22801 St. Clair: Ave., Cleveland 17, O., 50 cents postpaid. 


Reprinted from the Procedure Handbook of Arc 
Welding Design and Practice, this booklet deals with 
the welding of ferrous and nonferrous metals. Fac- 
tors determining weldability; causes and cures for 
hard to weld metals; and welding procedures for 
steels, nickel, iron, alloys, copper, aluminum and 
hardfacing are explained. 


New Standards 


Track Bolts and Nuts. ASA B18.10-1952; 9 pages, 8% 
by 11 inches, paperbound; copies available from Ameri- 
can Society of Mechanical Engineers, 29 W. 39th St., 
New York 18, N. Y.; $1.00 a copy. 


Track bolts and nuts used by the various railroads 
and electric railways in the United States and Canada 
are cevered. Recommended dimensions are based on 
existing conditions and usage, and simplification of 
menufacture. 


NEMA Standards for Electrical Insulating Varnishes. 
Publication No. IV 1-1952; 24 pages, 8% by 11 inches, 
stiff-paper cover; available from National Electrical 
Manufacturers Association, 155 E. 44th St., New York 
17, N. Y.; $2.50. 


The first publication by NEMA on the subject of 
electrical insulating varnishes, this standard contains 
information concerning the specific gravity, viscosity, 
drying time, nonvolatile content, oilproofness and 
dielectric strength of spirit soluble, oxidizing air dry- 
ing, thermosetting, oxidizing baking and asphaltic 
types of varnish. 
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CAM ACTION IMPROVED with MuLTiRoOL® BEARINGS 





under heavier loads e with shock resistance e and space economy 


Modern demands for faster, more automatic ma- 
chines necessitate a new approach to cam action 
efficiency. Improvised bolt and roller units are no 
longer adequate for this mass production machine 
age. 

Machinery manufacturers are finding that even at 
slow speed, it is difficult to carry the usual heavy 
radial and intermittent shock loads of cam applica- 
tion efficiently on plain bearings or standard anti- 
friction ball and roller bearings. With increasing 
speeds, and lubrication limited by the desire for 
simplified design, the plain bearing wears exces- 
sively and fails early. Ordinary ball or radial roller 
bearings used on a shaft as cam followers have a 





tendency to split in the outer race because of the ex- 
cessive strain on the thin and superhard race sec- 
tions. 


One bearing that has proven particularly success- 
ful in cam follower applications is the Multirol CF 
series full type roller bearing. This bearing is built 
especially for the repeated shock loads of typical 
cam action operations. The outer race section is not 
only heavy radiclly but is also martempered to com- 
bine maximum toughness with adequate surface 
hardness for withstanding the punishment of cam 
applications. The outer ring operates on a full com- 
plement of small diameter rollers so the load is 
evenly distributed over a greater bearing surface. 
The inner race and flange are made in a single 
piece with the stud, preventing any possibility of 
disassembly in operation. Greater accuracy is 
maintained throughout longer bearing life and, com- 
pared with plain bearings, both starting and rolling 
friction are reduced to a minimum. As a result in- 
ternal wear is diminished and power requirements 
of Multirol bearing equipped machines are appre- 
ciably lessened. 


Load Capacity Comparison 

To illustrate the increased capacity of the Multirol 
CF, here is a comparison between a Muitirol CF-1 
bearing and a corresponding friction type roller, 
making use of the maximum permissable bearing 
pressures in pounds per square inch of projected 
area. The CF-1 bearing will have a maximum of 
2240# while the equivalent friction type roller would 
have a capacity of less than 400#. 
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What This Means in 
Terms of Performance 


The James Hunter Machine Co., 
of North Adams, Massachusetts 
replaced units consisting of a 
standard roller bearing and 
hardened roller with Multirol Cr 
bearings on eccentric cams that 
actuate rake teeth in their wool 
washers. The changeover re- 
duced their original and replace- 
ment costs over 10% and re- 
duced maintenance to occasional lubrication. Where previously, 
rollers only lasted a maximum of several months, no replace- 
ments have been required with the Multirol bearings. As a result, 
the Multirol Bearings solved a trouble spot that brought in many 
customer complaints. 








Crown Rheostat and Supply Company of Chicago uses up to 
200 Multirol Cam Followers as guide and support rollers in the 
travel and transfer mechanism of their cleaning, plating, and dry- 
ing machines. Formerly trolleys were suspended from rails but 
the cam follower units proved to be a more precision means of 
friction reduction and added stability to the supporting arms. 


- Other MGILE Bearings 





GUIDEROL CT 


A new 140-page Bearing Reference Guide complete 
with 30 pages of vital engineering data has just been 
released by the McGill Manufacturing Company. It 
has the full story on the advantages of Multirol CF 
Bearings as well as information on the Multirol CYR, 
Multirol SE and Guiderol Bearings. Send now for 
your copy of McGill Catalog No. 52. 


Ms G | L * — Precision Bearings 


McGILL MANUFACTURING COMPANY, INC. 
200 N. Lafayette Street, Valparaiso, Indiana 


MULTIROL CYR 
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‘built-in’ 
design 





give you improved 


performance... 





Smooth, sensitive operation and optimum, long-lasting 
performance are yours for complete service satisfac- 
tion with LOVEJOY Universal Joints. 


Precision-built of high quality, heat-treated 
alloy steel and ground to infinite accuracy, they 
fully meet your most rigid job requirements. 


The painstaking design incor- 
porated in LOVEJOY Universal 
Joints is evident in these fea- 
tures: 


















1. Concentricity guaranteed to .001” 
2. Rivets ground flush with body for 
close-quarter work 


3. Greater angle of operation 

4. Maximum strength, minimum 
weight 

5. No binding, backlash or inplay of 
pins 

6. Exceed rigid requirements of 


Armed Forces 


Available in 13 sizes. 
Hub diameters 1/2 to 4 in. 
Bore diameters Y% to 2 
in. Lengths 2 to 10% in. 


Write now for Catalog 


LOVEJOY FLEXIBLE COUPLING CO. 


5018 W. Lake St. Chicago 44, Ill. 


Also Mfrs. of Lovejoy Flexible Couplings and 
Lovejoy Variable Speed Pulleys 








features... 











NOTEWORTHY 


SuBMINIATURE BALL BEARINGS employing de- 
hydrogenated carbon balls in their design are covered 
by patent 2,609,256. Invented by William O. Baker 
and Field H. Winslow, the bearings are suitable for 
watches and other delicate instruments with small 
rotating parts. The balls are made by a special poly- 
merization process which produces perfect carbon 
spheres in diameters from 0.01 to 1-millimeter—a size 
range not feasible with conventional ball production 
methods. Hardness of the balls approaches that of a 
diamond and the smooth surface finish attained in- 
sures minimum frictional resistance. Permanent lu- 
brication is provided by baking a surface coating of 
graphitic carbon on the balls. The patent has been 
assigned to the Bell Telephone Laboratories. 


Cuarreress SHAFT SEALING at speeds as 
high as 7000 rpm is accomplished with a bellows-actu- 
ated mechanical seal assigned to General Electric Co. 
by Christian Steenstrup under patent 2,610,873. De- 
signed for use on drive shafts of high-speed externally 
powered units, the seal consists of a rotating hard- 














! 
‘ | 

















surfaced metal wear ring and a stationary soft meta! 
dished seal nose which engages the ring face on edge 
Sealing pressure is maintained by the stationar) 
spring bellows which exerts force through a guide ring 
attached to the soft metal nose. Construction of the 
seal prevents the chattering or bouncing at high 
speeds which would impair sealing efficiency. 


P ISTON RING EXPANSION is accomplished with 2 
protected rubber O-ring in the unique assembly as- 
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gives 
more efficient 
lubrication of 
spindles, 
gears, bearings, 
small 


air-operated 


devices. 





EXCLUSIVE NORGREN FEATURES 





“Ms Complete Visibility 


and Control of Oil 
Feed .. . no guess work. 


Oil Feed Controlled 
by Air .. . gives very 
uniform rate of oil feed. 


Constant Oil Level... 
rate of oil feed not 
affected by oil supply. 


YOU CAN DEPEND 
ON NORGREN 


PIONEER AND LEADER IN OIL-FOG LUBRICATION FOR 25 YEARS 


The oil-fog principle of lubrication was born 
25 years ago in the Norgren laboratory. Since then 
Norgren’s continuous lubrication research has helped 
thousands of manufacturers improve their products 
—Norgren lubricators are standard components on 
most types of equipment where the best of lubrica- 
tion is required for high speed spindles, air cylinders 
and valves. 


@ 


D 





co. 


3442 SO. ELATI STREET, ENGLEWOOD 
In Colortul Colorado 
Valves @ Filters © Regulators © Lubricators © Hose Assemblies 


¢. A. 
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The latest Norgren development is a new type 
Micro-Fog Lubricator, incorporating the above exclu- 
sive features, designed to give reliable, uniform 
lubrication of one or more high-speed spindles, bear- 
ings, gear boxes and small air-operated devices. It 
produces an extremely fine and uniform air-borne 
micro-fog at low air flow; transmits it over greater 
distances than previously possible; distributes it 
evenly through multiple outlets; provides exact con- 
trol and a uniform rate of oil feed under all operat- 
ing conditions. 

Be sure the right people in your plant know 
the facts about Norgren Micro-Fog. 


WRITE, NOW, FOR NEW APPLICATION FOLDER 


NORGREN SPECIALIZED LUBRICATION 
ENGINEERS IN PRINCIPAL CITIES 












Of course, this is an exaggerated picture. Your Meyercord 
Decal Nameplates have very little apparent thickness. For 
all practical purposes Meyercord Decals are a part of the 
surface or finish to which they are applied! 


What the eye does NOT see is the miracle of graphic arts 
engineering that is a part of every Meyercord Decal Name- 
plate. As the illustration-diagram indicates, the Meyercord 
Decal starts with a specially engineered adhesive and stacks 
color upon color, topping with a tough protective coating. 


The Meyercord Decal Nameplate you apply to your prod- 
uct is the result of vast experience and never-ending engi- 
neering improvement. Just “any” decal won’t do the job. 
Today’s multiplicity of commercial surfaces and finishes de- 
mand exhaustive pre-testing to make very sure your Meyer- 
cord Decal Nameplate lasts the full life of the product. 


Specity Meyercord Decals to Our sales engineers and labora- 
tory engineers will be glad to dis- 
cuss your Decal Nameplate prob- 
lems ... without obligation to you, 
and will explain how Meyercord 
Decals will cut production costs 
when used as nameplates, trade- 
marks, instructions, markers, wiring 
diagrams, safety warnings and other 
important applications. Write for 
full information about complete 
technical and designing services. 


Write for the big Meyercord “Mark- 
It” Decal Nameplate Manual... FREE 


Shows hundreds of uses for durable, 
washable decal nameplates . . . as trade- 
marks, instructions, charts or diagrams— 
in any sizes, colors, or designs. The ‘‘Mark- 
Ic’ Manual is FREE...request it on your 
business letterhead, please. 


THE MEYERCORD Co. 




















DEPT. C-311, 5323 WEST LAKE STREET, CHICAGO 44, ILLINOIS 
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Noteworthy Patents 





signed to the Auto-Diesel Piston Ring Co. under Pat- 
ent 2,607,644. Invented by Rolland D. Smith, the as- 
sembly utilizes a thin flat strip of spring metal to 
protect the inner rubber expander from damage by 
the joint ends of a conventional one-piece split piston 
ring. Application of the expander, which fits stand- 
ard ring grooves, increases useful piston ring life and 
resilience. 


Overvusrication PROTECTION is afforded in 
a grease fitting for antifriction bearings assigned to 
General Electric Co. Described in patent 2,611,450, 
the fitting is essentially a modification of the standard 
nipple type having, in addition, recessed circumferen- 
tial ports covered by a prestressed spring band. Ex- 
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cessive grease pressures expand the band and permit 
lubricant to be discharged through the ports, afford- 
ing positive automatic relief and providing a visual in- 
dication of overlubrication. The fitting, which may be 
used with heavy or light greases, also minimizes con- 
tamination and reduces grease oxidation. Inventor of 
the device is Irving Kalikow. 











Luwrep VIBRATION AMPLITUDE at resonant 
frequency, a feature of the isolator in patent 2,610,- 
017, prevents damage to delicate mounted equipment. 
An invention of Frank Lambert Jr. and Charles E. 
Crede, the isolator employs a volute spring enclosed 
by a spherelike rubber diaphragm to obtain large 
damping capacity. Expulsion of air, compressed by 
deflection, through a small opening in the diaphragm 
provides necessary damping action and limits ampli- 
tude at resonance. Operation of the isolator is effec- 
tive at both high and low temperatures. In addition, 
the natural frequency of the device remains constant 
regardless of load, eliminating the need for predeter- 
mination of weight distribution. Assignee of the pat- 
ent is the Barry Corp. 
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LINER OF 


DUPONT NYLON Insulating liner lengthens 


life of gas and water 
pipe systems 







A big problem affecting the life of underground gas 
or water pipes is electrolytic corrosion. It may be 
caused by contact between dissimilar metals or by 
stray electrical currents. Such corrosion can cut 
pipe life in half. 










To solve the problem, Universal Controls Corp- 
oration designed a special nut to join the pipeline 
with the gas or water meter. It consists of an outer 
steel shell fitted with a threaded liner of Du Pont 
nylon plastic. The nut breaks the conductive circuit 
formed by the pipe and prevents the flow of cur- 
rent. Its success depends on a liner material that is 
non-conductive and provides a year-round, leak- 
























proof mechanical joint. 


Liner molded for Du Pont nylon has the electrical properties to 


Uaiverees Conteate Comp, . furnish the needed insulation. Its resiliency and 
Dallas, Texas 


strength give a good mechanical joint winter and 
summer. And nylon’s toughness and abrasion re- 
sistance provide long, trouble-free service. In use, 
the nut increases pipe life . . . often doubles it. 








Tan‘ 


This is another of the over 800 examples where 
Du Pont nylon is contributing economy plus im- 
proved performance in industrial parts. Du Pont 
nylon is unaffected by temperatures up to 250°F., 
requires little or no lubrication in many moving 
1 parts, resists chemical attack, absorbs shock. Per- 
} id re) | ych e m Tae, | Ss haps it can help you improve or develop a product. 

For full information on nylon and other Du Pont 
WEP ART Mame plastics, write: E. I. du Pont de Nemours & Co. 


PLASTICS e CHEMICALS (Inc.), Polychemicals Department, Room 123, 


Du Pont Bidg., Wilmington 98, Delaware. 





REG. us pat. OFF. 
BETTER THINGS FOR BETTER LIVING 
.«- THROUGH CHEMISTRY 
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Engineering News Roundup 


Wind Tunnels Require Largest Motors, Compressors 


The largest rotating machine ev- 
er built is being assembled by 
Westinghouse, consisting of the 
five compressors and drive for 
transonic and supersonic wind tun- 
nels being built for the U. S. Air 
Force at Tullahoma, Tenn. The 
compressors are to be driven by 
four motors which provide a total 
of 216,000 horsepower. These mo- 
tors will be installed in tandem. 
Two of them, rated at 83,000 horse- 
power each, are the largest motors 
ever built. They stand 21% feet 
high and weigh 225 tons. Their 122- 
ton rotors will turn at the rate of 
600 revolutions per minute. 

The supersonic compressor for 
the wind tunnel will consist of four 





compressors in series; the trans- 
onic compressor will be a single 
unit. Each inlet-stage blade is more 
than 2 feet across the face, 6 feet 
long, weighs almost 2/3 of a ton, 
and rotates at 600 rpm on a spindle 
18 feet in diameter. Tip speed is 
650 mph and centrifugal force is 
800 tons. Solid forgings, the blades 
will be rooted to disks that are 
the largest that can be forged any- 
where in the world. 

The two liquid rheostats for 
motor speed control, to be used for 
secondary control of the two 


wound-rotor machines during start- 
ing, load transfer, etc., are also 
the world’s largest. 

The machine itself measures 575 


feet from end to end and weighs 
1000 tons. Its inertia amounts to 
77 million lb-ft?. Stored energy at 
a speed of 600 rpm is 2400 horse- 
power-hours. Although it repre- 
sents the highest stored energy of 
any rotating mass ever built, the 
machine can be stopped in about 
three minutes by using the wound- 
rotor motors as brakes and trans- 
ferring energy into the liquid rheo- 
stats. 

Cooling the air stream is accom- 
plished with water flowing at the 
rate of 100,000 gallons per minute 
through coolers; air discharge tem- 
perature is still above 600 F. Air 
in the test chamber, however, will 
be about —100 F. 





Compressor blades for the world’s largest rotating machine are 
as tall as a man, left. Above, one of four motors which will drive 
the compressors is rated at 83,000 hp 


MACHINE DESIGN—March 1953 
































—— 
= = 


Offer Suggestions 
To Remedy Engineer Shortage 


Industry and civilian government 
presently need between 40,000 and 
50,000 new engineering graduates; 
requirements of the military serv- 
ices and education make the deficit 
even greater. Estimates on the 
number of engineers which colleges 
will produce during the next three 
years vary somewhat, but the num- 
ber of engineers graduating will 
decrease by several thousand each 
year, while the need for graduate 
engineers is constantly increasing. 
These factors, coupled with grow- 
ing military needs for engineers, 
threaten the output of civilian and 
defense production. 

A three-fold program to estab- 
lish the importance of engineering 
to the public welfare, to aid in 
maintaining the supply of trained 
engineers, and to promote the most 
effective utilization of engineers 
is being sponsored by the Engi- 
neering Manpower Commission of 
Engineers Joint Council for the 
coming year. 

According to T. A. Marshall Jr., 
executive secretary of EMC, indus- 
try’s supply of engineers can be 
“stretched” by relieving them of 
detailed duties that can be done 
by other personnel. One estimate 
of the manpower that can be saved 
is given by Titus G. LeClair, man- 
ager of engineering of Common- 
wealth Edison and Public Service 
Co. of Illinois, speaking at the Fifth 
College-Industry Conference held 
recently at Northwestern Univers- 
ity, who stated that requiring an 
engineer to handle all the details 
of his job is “our greatest source 
of wasted engineering talent.” A 
graduate engineer can increase his 
working effectiveness at least 10 
or 15 per cent if he is assisted by 
dependable technicians, he said. 
Such assistants, with one or two 
years of college or technical insti- 
tute training, could come from the 
ranks of scientifically inclined in- 
dividuals who are not able to com- 
plete college training. 

Streamlined working procedures 
can save a good deal of the engi- 
neer’s time. At General Electric, 
for instance, draftsmen save from 
20 to 30 per cent of the time nor- 
mally required to prepare drawings 
by simplifying and eliminating 
nonessentials on drawings and lay- 
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outs. Use of free-hand drawings is 
encouraged, as are written descrip- 
tions when drawings are not actu- 
ally needed. 

Practicing engineers can contri- 
bute to the cause of more effective 
utilization of their talents by keep- 
ing abreast of current technological 
developments and taking advan- 
tage of postgraduate educational 
opportunities. In this way special- 
ists can grow in their profession 
and benefit themselves as well as 
industry. 

Discussing problems involved in 
recruiting talented young persons 
for the engineering profession, 
Clarence E. Deakins, dean of stu- 
dents at Illinois Institute of Tech- 
nology, told the College-Industry 
Conference that “industry itself is 
in direct competition with colleges 
for the high school graduate.” 
Graduates with mechanical skills 
and interests are attracted to high- 
paying jobs in industry, especially 
if they cannot easily afford a col- 
lege education. Mr. Deakins urged 
that engineering aptitudes be rec- 
ognized early in secondary school 
students and that industry increase 
scholarship funds for talented stu- 
dents. Since most scholarships are 
made available to juniors and sen- 
iors, entering freshmen do not ben- 
efit by present programs. 

According to Mr. Marshall’s 
EMC report, industry is anxious 
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to employ engineers who are now 
terminating their military duty. 
These engineers are urged to con- 
tact their college placement offices, 
which are constantly in touch with 
industry. 


Large Generator First to Use 
Liquid Cooled Conductors 


The first large generator in the 
history of the electrical industry 
with liquid-cooled conductors will 
be manufactured by the General 
Electric Co., Glenn B. Warren, gen- 
eral manager of the Turbine Div., 
recently announced. To be installed 
at the Eastlake plant of the Cleve- 
land Electric Illuminating Co. by 
the end of 1955, the unit consists 
of a tandem-compound turbine 
rated at 208,000 kilowatts and a 
generator rated at 260,000 kilovolt- 
amperes. 

Liquid circulates through hollow 
conductors in the stator, cooling 
the stator assembly. Liquid cool- 
ing, Mr. Warren said, makes pos- 
sible a significant increase in gen- 
erator capacity without increasing 
physical size because of more effi- 
cient removal of heat produced dur- 
ing the generation of electricity. 
A presently used method of cool- 
ing large generators by circulating 
hydrogen gas through passages in 
the rotor and stator will be used 
for cooling the rotor. 


. 


A 20,000-ton extrusion press will be installed at Alcoa’s Lafayette, Ind., 
plant as part of the government-industry heavy press program. Scheduled 
for completion by the middle of next year, this press will produce large 
extruded shapes for military and civilian aircraft. Maximum weight for ex- 
truded shapes will be 214 tons; maximum length for heat-treated shapes, 
set by existing heat-treating equipment is 90 feet. The press will be capable 
of extruding ingots 18 to 41 inches in diameter and nearly 8 feet in length. 
Peacetime uses will include the production of wide, thin shapes for building 
curtain-wall construction and large size pipe for the chemical and petroleum 
industries 
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Allocation Controls 
On Metals End June 30 


Allocation of steel, aluminum and 
copper to civilian users will end on 
June 30, with open-ending effective 
immediately. 

Modification of the Controlled 
Materials Plan, in effect since 1951, 
was announced recently by acting 
defense mobilizer Arthur S. Flem- 
ming. Between now and the mid- 
summer date, Defense Department 
and atomic energy priorities will 
continue to be honored first. If ex- 
tra supplies exist after filling these 
orders, they may be used by any- 
one for any purpose. 

No decision had been reached at 
press date regarding type of con- 
trols to be instituted after June 30 
to insure delivery of military and 
AEC requirements. The Steel 
Products Advisory Committee of 
NPA has urged that no form of 
controls be held, except to safe- 
guard these requirements, at least 
in steel. Their recommendations 
include the establishment of a task 
force to provide procurement as- 
sistance for these two vital proj- 
ects, and the establishment of pro- 
duction directives on steel produc- 
ers and further converters to pro- 
vide the necessary steel. 

At the same time, the Office of 
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Contrast between lack of information on many 
working” hydraulic-circuit diagrams and com- 
plete data given by JIC symbols is clearly demon- 
strated in these two drawings. Hydraulic circuits 
for a 36-inch broaching machine made by the Zagar 
Tool Co. of Cleveland are shown in both. The 
original drawing, below left, was made before the 


Defense Mobilization pointed out, 
production ceilings such as those 
on passenger cars and trucks were 
ended by the action. Allocations of 
steel have previously restricted pro- 
duction but, after the needs of all 
present ticketholders are honored, 
manufacturers may produce as 
much as they want if they can ob- 
tain the steel. 

The situation is not as clear in 
copper and aluminum. Both have 
been in tight supply, and allocation 
controls may have to be retained 
beyond the June 30 deadline. Brass 
and bronze foundry advisors to 
NPA have urged retention of con- 
trols over copper beyond this date. 
The advisors have also recommend- 
ed immediate removal of price con- 
trols on refined copper and copper- 
base alloy scrap. 


Automatic Control 
“Reads” Instruments 


A new control, for use with ro- 
tating pointer instruments, watch- 
es the pointer, and initiates cor- 
rective action if the instrument de- 
viates from the correct value. Con- 
tained in a case 4 inches long and 
3 inches in diameter, the control 
is made for mounting directly on 
the face of instruments now in 
use. Developed by laboratory an- 
alysts Win Alderson and Douglas 
Erickson of the Ryan Aeronau- 
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Sensitive control, developed by Ryan 
Aeronautical Co., San Diego, Calif., 
applied to an aircraft tachometer 
(left) and an air-speed indicator 


tical Co., San Diego, Calif., to au- 
tomatically maintain speed, alti- 
tude or direction of uninhabited 
missiles or aircraft, it could also 
be used to maintain temperature, 
pressure or humidity within close 
limits. 

The control case contains two 
tiny electric lamps, immediately 
adjacent to each other, a photo- 
electric cell, vacuum-tube amplifier 
and sensitive relay. A metal shield 
in front of the lamps has a small 
window through which light from 
the lamps can pass to impinge on 
the photocell. A small counter- 
balanced flag which replaces the 
instrument pointer interrupts the 
beam from one lamp or the other 
as it rotates to institute the de- 
sired action. Flag size and lamp 
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inception of JIC hydraulic standards. When using 
this diagram, it was necessary to refer to valve 
catalogs to understand the workings of the valves. 
Using JIC Symbols, the revised diagram, below 
right, shows actual functioning of each valve. An 
electrical JIC diagram is also included so that the 
entire operation of the machine is explained 
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FARVAL— Studies in 
Centralized Lubrication 


No. 139 I 





ALL PARTS OF THIS NEW FARVAL DC20 axzio- 
matic pumping unit are assembled on a single 
base plate ready for quick, easy mounting at 
any convenient point. Supply lines run from 
the pumping station to the Dualine measuring 
valve manifolds, one valve for each bearing 
to be lubricated. The entire system is installed 
very simply and at a cost that will be repaid 
in a few months in savings effected. 
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Farval Announces DC 20 
Automatic Pumping Unit 


for complete lubrication 
of smaller machines 


W any small machine can have a completely 
automatic system of Farval centralized lubri- 
cation—as efficient and economical as the larger sys- 
tems which have proved so valuable on heavy industrial 
equipment during the past 26 years. 


Chief component of this smaller, low cost system 
is the new Farval DC20 pumping unit which handles 
either grease or oil. In addition to the pumping unit, 
the complete Farval system consists of two main supply 
lines, the familiar Dualine measuring valves and dis- 
charge line connections from measuring valves to 
the bearings. 


Easily installed at any convenient place on or near 
a machine, the DC20 insures automatic delivery of 
lubricant to bearings, as often as needed, in whatever 
quantities desired, while the machine is in operation. 
Remember that Farval—and Farval only—employs 
the Dualine valve that is fully adjustable—simple, sure 
and foolproof—with a positive indicator which visu- 
ally signals that the valve has functioned. 


Hundreds of operators using the larger Farval auto- 
matic systems have discovered that the entire cost of 
a system is saved the first year. Lubricant savings alone 
may run as high as 75%. 


Investigate the new DC20. Near you is an experi- 
enced Farval lubrication engineer who will demon- 
strate how the new DC20 pumping unit can save time 
and money and increase production on your present 
hand-lubricated machines. Write today for a copy of 
Bulletin 39, “DC20 Pumping Unit for Smaller 
Machines”. The Farval Corporation,- 3265 East 80th 
Street, Cleveland 4, Ohio. 


Affiliate of The Cleveland Worm & Gear Company, Industrial 
Worm Gearing. In Canada: Peacock Brothers Limited. 
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Let These 


MOTORS 


Do Your 


DIRTY WORK 
t a 


They’‘re built to ignore dirt, 
dust and corrosive vapors 


Wear 
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SMITHway totally enclosed fan-cooled 
motor—a frame within a frame and 
both are cast iron. Efficient, high-ca- 
pacity, double-locked fan forces air 
through self-cleaning ducts. Heat is 
dissipated—dirt, dust and corrosive va- 
pors can’t get into the sealed motor. 


AST IRON construction is one of the 
many outstanding features which 
makes these motors superior under 
service conditions involving dirt, dust 
and corrosion. Cast iron frame, cast 
iron end bells—the complete enclo- 
sure is cast iron—all exposed parts 
are cast iron. Ideal for petroleum, 
chemical and other rugged industrial 
applications. 
SMITHway totally enclosed fan- 
cooled motors are built to standard 
NEMA frames to meet the highest 
standards of electrical performance. 
TEFC motors are built in sizes from 
5 to 125 HP. Parts and service avail- 
able throughout U.S.A. Get complete 
information from nearest office or 
write today. 


, SMITHway totally en- 
closed non-ventilated 
motor. Standard 
NEMA frames. Cast 
iron construction of all 
exposed parts keeps 
these motors, by the 
thousands, on the jo 

regardless of dust, 
dirt and corrosive con- 
ditions. Available in 
ratings from 1 to 5 HP. 
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5715 SMITHway St., Los Angeles 22, California 
1000 Webster St., Dayton 4, Ohio « Offices in Prin- 
cipal Cities « International Division, Milwaukee | 
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spacing determine the operating 
differential of the control. Re- 
sponse to a pressure change of 
0.1-inch of water is possible. 

Laboratory tests have shown 
that accuracy of the _ device 
changes less than 0.1-per cent over 
a temperature range of 189 F. Vi- 
bration of 55 cycles per second at 
0.030-inch amplitude produced less 
than 2 per cent error. In addition 
to being rugged, inexpensive and 
accurate it does not require a high- 
voltage power supply but operates 
on 24 volts de. 


Hammer Blows Cushioned by 
Coiled Springs and Concrete 


Concrete “floating” islands 
weighing as much as_ 138,000 
pounds are cushioned upon sets of 
coiled steel springs to absorb the 
shock from two Cecostamp forging 
hammers. Designed by the Ryan 
Aeronautical Co. engineering de- 
partment, these foundations elimi- 
nate vibration caused by operation 
of the hammers. Reinforced con- 
crete masses float in pits approxi- 
mately 10 feet deep, 16 feet wide 
and 22 feet long, momentarily ab- 
sorbing the force of the hammer 
blows. 

As much as 106,000 pounds of 
force are exerted by the hammers 
in forming stainless steel exhaust 
systems and jet engine parts. The 
springs upon which the concrete 
blocks are suspended are made of 
cold-rolled crucible steel and can 








One of the largest blast furnace 
turbo-blowers ever built in this 
country is a five-stage unit with a 
rated capacity to deliver 121,000 cfm 
of air at 35 psig discharge pressure. 
It will be driven by a 15,200-horse- 
power, 2500 rpm 16-stage De Laval 
steam turbine under operating steam 
conditions of 400 psi, 750 F with 
28-inch vacuum. Total weight of the 
blower and turbine is over 167 tons; 
the blower unit accounts for more 
than 106 tons of this weight. Blower 
casing has 12-ft OD 


° 


absorb a force of 2800 pounds per 
inch of deflection. 

In operation, the inertia blocks 
receive the impact of the hammers, 
and depress the supporting springs 
3g-inch per blow. The foundations 
oscillate until the energy is dis- 
sipated through friction. An advan- 
tage claimed for this floating 
foundation method of machine 
mounting is the facility of keeping 
the machines in plumb. Adjustable 
leveling jacks are located at each 
spring mounting. 
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Important savings at Eureka-Williams Corp. because 


ALL drawings are 
reproduced on 
Kodagraph 
Autopositive Paper 





Positive photographic intermediates are produced directly, with- 
out the negative step. A standard print-making machine is used 


In print production ...no wear-and-tear to 
valuable originals. The Eureka-Williams 
Corp., Bloomington, IIl., protects its ever- 
growing investment in drafting time and dollars 
by using low-cost Kodagraph Autopositive in- 
termediates to obtain the desired number of 
shop prints. These intermediates, unlike the 


to 3 hours— 











of this print with a razor blade. 


[Xodagraph /\utepesitive [Raper 


“THE BIG NEW PLUS” in engineering drawing reproduction 
------ MAIL COUPON FOR FREE BOOKLET -————————-—— 


learn how thousands of EASTMAN KODAK COMPANY, 


companies are simplifying 
routines with Kodagraph 
Autopositive Paper, which 
you, or your local blue- 


“New Short Cuts and Savings.” 


for exposure; standard photographic solutions for processing. 
A fast, easy room-light operation that saves time and money! 


In drafting ... revisions made 7 times 
faster. The basic designs for Eureka- 
Williams oil burners, furnaces, and 
vacuum cleaners are being modified con- 
stantly for the production of various mod- 
els. Here’s just one way Autopositive is 
used to boil 3 days of drafting time down 


1, An Autopositive intermediate is made of 
the drawing which is to be revised. 


2. The draftsman deletes the unwanted parts 


Industrial Photographic Division, Rochester 4, N. Y. 
Gentlemen: Please send me a free copy of your new illustrated booklet, 


























original drawings, will not smudge or lose line 
density with repeated printings... will produce 
highly legible prints time after time. Further- 
more, their dense photographic black lines and 
evenly translucent base permit running the 
prints at uniform, practical speeds. Which adds 
to the convenience—and the economy. 


3. From this, another Autopositive inter- 
mediate is made. 


4. Then the draftsman only has to add the 
new design . . . and a new “file original” 
is ready. From it, additional Autopositives 
can be made for print production. 


Costs are also cut by making 
Autopositives of office records, 
and other non-translu- 
cent records which are 
unsuitable for use as 

print-making masters. 



































Printer, can process Name Position 
quickly, at surprisingly low nen | 
Cost. Write for a free copy a he ——e 
: New Short Cuts and Street 4 
avings.” 
City Zone State TRADE-MARK 


------—---------} 








Millions of Contacts 
without Faltering 


PROVED 


rough, tough jobs 


































Durakool pressurized all-steel 


mercury tilt switches have 
more than made good on 
what may have seemed like 
extravagant claims a few 
years ago. The list of Dura- 
kool successes grows each 
year. Seven sizes, | to 65 
amperes. 3 to 4 weeks 


delivery. Your production 


schedule is met. 





WITHSTANDS 
HIGH 
TEMPERATURES _ 













See telephone directory for local 
distributor or write 


DURAKOOL, INC., Elkhart, Indiana 


Durakool 


ALL-STEEL MERCURY SWITCHES 
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Last Allocation Control 
Revoked for Chemicals 


The basic control order govern- 
ing the allocation of chemicals, 
plastics, rubber and allied products 
was revoked recently. Revocation 
of Order M-45 followed the elimina- 
tion of allocation controls on Thio- 
kol, the last such order in existence 
in the chemical field. 

In announcing the change, the 
National Production Authority 
stated that supplies of Thiokol have 
now been balanced with civilian and 
military needs. Thiokol is an elas- 
tomer having none of the chemical 
properties of natural or synthetic 
rubber. It is used in military ma- 
chines for various purposes, includ- 
ing the sealing of joints in aircraft, 
and is less sensitive to extremes of 
temperature than either type of 
rubber. 


_ New Forging Method for Steel 


A closed-die press in use at the 
Cameron Iron Works Inc., Houston, 
Tex., forges steel parts formerly 
made by casting. The press, built 
by the A. B. Farquhar Co., has a 
capacity of 5000 tons on the ver- 
tical ram and 2000 tons on each of 
the horizontal rams. Ordinarily, 
the horizontal rams hold the split 
dies while the vertical ram dis- 
places metal in the split dies and 
pierces the billet. However, the 
vertical ram may be used to hold 
the dies closed while the horizontal 
rams pierce or displace metal. 
Forgings to 1900 pounds in weight 
are being successfully made of 
AISI-4132 steel by this process. 


Split dies of two-way forging press 
open to show the hot forging 


Type 410 stainless steel has also 
been used. 

Press-forgings produced in split 
dies need practically no draft; 
therefore, little machining is re- 
quired to produce the finished prod- 
uct. An accompanying illustra- 
tion contrasts a press-forged cas- 
ing head (solid lines) with the 
same design made by hammer- 



































forging (dotted lines). Note the 
amount of metal which must be re- 
moved from the hammer forging. 

Application of these forging 
techniques to ordnance and air- 
craft components produced such 
savings that a new and larger 
press, below, is being built by the 
Baldwin-Lima-Hamilton Corp. The 
new press will be rated at 11,000 
tons capacity on the vertical and 
6000 tons on each of the horizontal 
rams. An inner vertical ram will 
permit billets to be pierced both 
vertically and horizontally while 
the vertical ram holds the split 
die in position. 












MACHINE DESIGN—March 1953 










2 Ls ee ee . 
woameatione. “YL Sascamae ee, Se 











vs 


| | ee ad 


‘ 


| 














with a Kodak Conju-Gage 
Gear Checker 


Why the composite check 


In practice, the final test of gear quality is how the gear works in use. The composite 
check recommended in American Standard B6.11-1951 shows this conclusively by 
measuring displacement of the gear when run against a master of known accuracy. And 
it does it in one quick operation that checks combinations of as many as six types of 
errors. 


Why the Conju-Gage Gear Checker 


Since displacement represents the sum of both gear error and error in the master, the 
accuracy of the master used determines the precision of the composite check. The Kodak 
Conju-Gage Gear Checker uses a master of exceptional accuracy, the Conju-Gage Worm 
Section. Produced by thread grinding, its accuracy is not limited by the same manufac- 
turing processes which limit accuracy in the gear itself. 

To settle for masters of lesser accuracy is to rob yourself of “tenths” —to chance that 
tolerable error in a gear may coincide with error in the master to cause a needless re- 
jection. Or that intolerable error in a gear may be cancelled by error in the master to 
Pass a gear that will fail in use. 





The Kodak Conju-Gage Gear 
Checker automatically records the 













To reject every wrong gear is to guard the quality of your product. To pass every composite effects of runout, base 
right gear is to reduce such rejection losses to a minimum. pitch error, tooth thickness varia- 
To find out more about how a Kodak Conju-Gage Gear Checker can lower costs —_, profile error, a — 
while maintaining required precision, send for your copy of the booklet, “Kodak Conju- pe Ke heres cuneet. Gustvated & 
G ° ie a ‘ e Kodak Conju-Gage Gear 
age Gear Testing Principle.” Write to Checker, Model 8U, for gears up 
to 8%" pitch diameter. Small 
Industrial Optical Division models are also available. 


EASTMAN KODAK COMPANY, Rochester 4, N. Y. 















CONJU-GAGE Le INSTRUMENTATION 
cS a 
SA 

+». new way to check gear precision in action 


To inspect all kinds of complex parts on a bright screen, Kodak also makes 
two highly versatile contour projectors. 
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AUTOMOTIVE 


s Only CARAVAN 
axles with automotive steering 
assure dependable roadability 
on both highway and rough 
ground. For positive trail at high 
speeds, these job-engineered 
assemblies feature controlled 
camber, tow-in and caster. 
Stability for the heaviest loads 
is provided by massive center 
steering arm, extra-heavy cen- 
ter arm stop blocks and heavy 
duty steering knuckle. Wide 
inside wheel turning angle as- 
sures maximum maneuverabil- 
ity and eliminates jack-knifing. 
CARAVAN units are available in 
a variety of types and sizes in 
both 2 and 4-wheel assem- 
blies for portable equipment 
weighing from 500 to 14,000 
Ibs. They are recommended for 
use with military and industrial 
as well as field service and con- 
struction equipment. 1123-UM 


Write today for the new Bulletin 
No. 53 for further information. 


MFG. COMPANY 
314 INTERSTATE ST. * BEDFORD, OHIO 
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Magnesium Castings 
Can Now Be Shell Molded 


A practical method of casting 
magnesium by the shell mold proc- 
ess has been developed. Due to its 
high chemical activity, molten 
magnesium reacts with oxygen, 
moisture and sand. Hence the shell 
molding process could not be used 
with magnesium until “inhibitors” 
to keep the molten magnesium 
from reacting with air and with the 
shell mold were developed. 

Scientists working for the Army 
Ordnance Corps have investigated 
the use of various materials as 


inhibitors and discovered that cer- 
tain materials used as inhibitors 
allow successful shell molding of 
magnesium. Plastic materials and 
mixing procedures which produce 
molds easily removable from the 
finished castings were also investi- 
gated. 

A report of their findings and a 
discussion of the metallurgical 
properties of castings made by the 
processes evolved are contained in 
The Application of Shell Molding 
to the Production of Magnesium 
Castings, obtainable from the Of- 
fice of Technical Services, U. S. 
Department of Commerce, Wash- 
ington 25, D. C. Orders should 
be accompanied by check or money 
order for $0.75 payable to the 
Treasurer of the United States. 


Laboratory Axle Testing Reproduces Road Conditions 


The Alden Indoor Proving 
Ground, incorporating a method of 
testing axles which virtually elim- 
inates human failure and permits 
around-the-clock testing without in- 
terference from weather or other 
conditions, is now in operation at 
the Timken-Detroit Axle Co. New 
testing equipment designed and 
built by General Electric is capable 
of simulating actual driving con- 
ditions of a truck weighing 80,000 
pounds and traveling at 60 mph. 

The largest dynamometers ever 
used for the purpose, and intricate 
electronic equipment for control, 
are used in this machine, which 
imposes axle tests heretofore im- 
possible indoors. Life tests, en- 


durance runs and _ shock-loading 
tests have been performed. 

An observer rides a vehicle over 
a specified course which has been 
studied previously, making notes 


concerning the grades, speeds and 
other factors. In the indoor prov- 
ing ground, an operator sitting at 
the test console sets the dynamom- 
eters in action and, using the man- 
ual control, records the road con- 
ditions on a magnetic tape. After 
the tape has been completed, auto- 
matic cycling equipment can re- 
peat the test indefinitely. The tape 
reverses automatically so that the 
test continues without interruption. 

As each stress in the test is im- 
posed on the axle, recording instru- 
menis indicate continuously the 
speed, torque or load and provide 
a permanent record of performance. 
Accurate repetition of the test 
makes possible the establishment 
of the durability or life expectancy 
of the axle, and the recording tape 
can be filed so that the test can be 
repeated upon another or the same 
axle at a later date. 
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i use TORRINGTON 
sh- 8 i 
A | Heavy Duty Needle Bearings = 
ey 4 ° . : 
nel F for maximum performance : 
_ a Outstanding service over the years has won for TORRINGTON a 
{ Heavy Duty Needle Bearings the confidence of machinery ef 
eee builders and users in every major industry. Es 
Ss Today you will find these rugged TORRINGTON Bearings Me 
giving free-rolling, low-maintenance service in equipment ee 
| ranging from traveling cranes to rolling mills, oil well Fay 
d pumping units to machine tools, printing presses to auxil- " 
a —s jary paper-machine equipment. ye 
\V- it: 
at ae 6 reasons why TORRINGTON Heavy Duty Needle | 
m- : ° i 
“_ Bearings will serve you better... a 
a- = 1 The one-piece outer race and inner race are manu- 
T'| to 6€=6|))l)l(<‘<a<‘i‘ Sd” CR factured from carburizing-grade nickel steel. Harder 
0- Sera surfaces offer better resistance to wear; tough cores 


stand up under shock. 


2 Their accurately ground raceway and side flange sur- 
faces eliminate drag at the point of roller contact. 
Rollers operate in a true path. 


= | 4 
oO 


tl 





— 3 The stainless steel retaining bands are spot welded 
5 —_ into position. They give positive roller retention and 
he \enn form an internal lubricant reservoir while resisting the 
de y entry of foreign matter to the rolling elements. 


4 The lubrication groove in the outer race and oil holes 
in both inner and outer races permit easy, effective lub- 
rication from a drilled hole in the housing. 


se 


5 The large-fillet trunnion ends increase roller strength 


pe - . 
he and present to the ground, well-lubricated side flanges a 
larger, more wear-resistant area. 


6 Full complement of rollers assures maximum load 
carrying capacity. 


Specify TORRINGTON Heavy Duty Needle Bearings! 


THE TORRINGTON COMPANY 
South Bend 21, Ind. * Torrington, Conn. 








TORRINGTO 


| ‘Spherical Roller © Needle © Tapered Roller © Straight Roller + Ball © Needle Rollers 
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_ TRAINED 
MANPOWER 





A PRACTICAL SOLUTION 
TO THE PROBLEM OF 
TECHNICAL MANPOWER 
SHORTAGE 


Are you interested in the possibility 
of getting some of your testing 
analysis and trouble shooting work 
done without hiring additional 
technical help? 

Our solution is very direct. No 
doubt many of your trained engi- 
neers and chemists are tied down by 
routine but essential testing and 
analytical tasks. You can release 
these men for more demanding, 
more responsible duties by entrust- 
ing our laboratories with your rou- 
tine testing and analytical schedules. 

Why is this possible? Because 
Testing is our Business. Yourassign- | 
ments to us will be handled by men 
who live and think testing. They 
will receive the care and attention 
that only a specialized laboratory 
can give. That means speed, accu- 
racy, and real economy. 

We would like to get together 
and discuss your manpower prob- 
lems and possibly point the way to 
a solution. 


UNITED STATES 
TESTING COMPANY, Inc. 


ESTABLISMED 1880 


1500 Park Avenue, Hoboken, N. J. 
PHILADELPHIA « BOSTON « PROVIDENCE | 
CHICAGO « NEW YORK « LOS ANGELES 

MEMPHIS ¢ DENVER ¢ DALLAS 


Member of American Council of Commercial Laboratories 
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Build Largest 
Centrifugal Compressors 


The largest multistage centrif- 
ugal compressors ever built for 
discharge pressures of 100 psi will 
be used as the main air compres- 
sors on four huge new cat crackers 
which are now under construction. 
Built by Clark Bros. Co., the com- 
pressors have a rated capacity to 
100,000 cfm and will be driven by 
steam turbines of approximately 
8000 bhp. Each compressor weighs 
70 tons overall. 





Assembled rotor, being driven by 
an electric motor, receives a final 
dynamic balance. Before assembly, 
individual impellers of the four-im- 
peller rotor were statically balanced. 
Rollers which support the rotor are 
spring mounted, allowing the rotor 
to move if out of balance 


+ 


Distribution of Research 
Dollar Shown by Survey 


Results of a survey on indus- 
trial research and development in 
1951, recently released by the De- 
partments of Defense and Labor, 
show that the aircraft, chemical 
and electrical machinery industries 
accounted for 55 per cent of the 
money spent. Companies respond- 
ing to the survey accounted for 
almost $2 billion of research. 

Almost, half of industry’s re- 
search was financed by the Federal 
government, principally the De- 
partment of Defense and the Atom- 
ic Energy Commission. The pro- 
portion of cost borne by the Fed- 
eral government varied widely by 
industry. Slightly more than one- 
third of the research cost of small 





Rotor is positioned in lower case of 

compressor. Before assembly of the 

rotor, individual impellers were 

given a 15 per cent overspeed run 
as a final check 





Completed compressor on test stand 
will be driven under load by a radial 
expansion turbine which obtains its 
power by expanding the hot gases 
delivered to it by a power gas gen- 
erator. Test thermocouples are in- 
stalled to check interstage tempera- 
tures 


s 


companies employing less than five 
professional research workers was 
on government work while 56 per 
cent of the research cost of com- 
panies employing research staffs 
of 500 or more was for government 
work. 

Approximately 94,000 research 
engineers and scientists were em- 
ployed in January 1952 by the 
firms replying to the survey. These 
engineers and scientists were sup- 
ported by approximately 140,000 
technicians, administrative and 
maintenance personnel. The total 
cost of research during 1951 
amounted to two per cent of the 
total value of sales and services of 
the responding companies, an aver- 
age cost per research engineer or 
scientist of $22,100. Average cost 
of $16,500 for the chemical indus- 
try was the lowest while the motor- 
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vehicle industry’s $68,600 was the 
highest. Small companies with 
less than five research workers had 
an average cost per worker of $15,- 
400 while companies with more 
than 1000 on their research staffs 
averaged $25,000 per professional 
worker. 

Copies ofIndustrial Research and 
Development: A Preliminary Re- 
port are available from Research 
and Development Board, Depart- 
ment of Defense, Washington 25, 
D. C. 


Recommend Dropping of 
Copper Price Controls 


Members of several industry ad- 
visory committees of NPA have 
recommended that price controls on 
copper and copper-base products be 
removed immediately, feeling that 
such a move would increase sup- 
plies of the relatively scarce ma- 
terial. 

Scrap dealers have been awaiting 
the end of price controls on April 
30, members of the brass and 
bronze foundry advisory committee 
say, and decontrol of prices at this 
point would release needed scrap 
for use. Ingot producers agree. 
Some felt that allocation controls 
should be retained for 30 to 60 days 
after price controls are removed to 
provide a “cushion” during which 
effect of the price decontrol could 
be studied. 

One effect of price decontrol 
would be to give usable supplies of 
copper a “lift.” Present ceiling is 
24.5 cents, compared with a world 
price of 33 to 36 cents. Domestic 
copper users now get about 60 per 
cent of their metal at the lower 
price and the other 40 per cent at 
the world figure. Decontrol would 
probably have the effect of averag- 
ing both prices at 29 to 30 cents 
& pound, and would undoubtedly al- 
low copper users to compete more 
effectively in the world market. 

Arwood Precision Casting Corp., 
Brooklyn, N. Y., has announced 
that William O. Sweeney has joined 
the organization as assistant vice 
President of sales. He was former- 
ly sales and development manager 
of the Haynes Stellite Div. of Union 
Carbide and Carbon Corp. 
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Cork-and-rubber tape 
seals as it cushions 


Here’s a tape you can use to seal as well as to cushion, Locomo- 
tive builders, for example, use Armstrong’s DK-153 Tape as a 
watertight gasket between the outside metal panels and the 
frame of the locomotive. 

DK-153’s resilient cork-and-rubber composition literally “soaks 
up” the vibration. In addition, it keeps water and dirt from 
penetrating the joint. This is but one example of the difficult 
jobs being done by this remarkable tape. 


DK-153 is quick and easy to apply. Just strip off the cloth 
backing and press the tape into place. Its pressure-sensitive 
adhesive sticks tight to any clean, dry surface. 


You can get Armstrong’s DK-153 Tape in many widths and 
thicknesses, and in rolls, sheets, and die-cut shapes. For 
samples, write on letterhead to Armstrong Cork 
Company, Gaskets and Packings De- 
partment, 8503 Arch 
St., Lancaster, Penna. 
Available for export. 





Cork-and-rubber 





} 


Tacky adhesive 


ARMSTRON G 7 & g ol Protective backing 
DK-153 TAPE 
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Aircraft Industry Assured 
Of Continuous Production 






The aircraft industry was recent- 
ly assured that in 1956, when the 
Air Force goal of 143 wings is 
reached, there will be no sudden 
cessation of military aircraft pro- 
duction. 

Major General William H. Tun- 
ner, deputy commander of Air Ma- 
teriel Command, told the Washing- 
ton chapter of the National Secur- 
«sity Industrial Association that the 
%§ Air Force has four “insurance pol- 
") icies” against widespread cancella- 
tions of contracts, such as threw 
the industrial world into a turmoil | EPR TA OT le | 
after World War II. fe | 

He listed them as: 

1. The production stretchout: The 
original programming called for a 
much more rapid buildup to reach an 
earlier peak. That “would have neces- 
sitated expanding our production fa- 
cilities to a point far beyond the ca- 
pacity of our normal peacetime econ- 
omy to reabsorb them when the de- 
fense production peak was reached 
and passed. We decided instead to 














\ Guided by the wide, 
integral flanges 
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Flanges are thick, solid, » 
really rugged. . . 











stretch production over a longer per- To give fullest support 
iod, to ease the eventual transition to to the cage 
normal.” 








2. The production readjustment pro- 
gram: “As industry has geared up to 
turn out the materiel of supersonic 
airpower—much of it radically new— 
we have found it to be producing 
more from a given quantity of re- 
sources than we had actually report- 
ed. We are now beginning to make a 
more realistic evaluation, in the light 
of our production experience during 
the past two years.” 

3. The Production Acceleration In- 
Surance Program (PAIP): “This 
aims to establish certain critical mo- 
. bilization resources within the struc- 
is ture of our normal production facili- 
ties. Our purpose is to create a fac- 
tor of expandability, with minimum 


i disruption of normal production and 
o maximum possibilities for quick mo- 





TRADE MARK 


ROLLER 
BEARINGS 


N 4 
0» © 
4. Contract maintenance: “Con- 


| 
tracts are being signed with airframe PITCHLIGN bearings have a full length, free floating cage with pitch 
4nd engine manufacturers to handle circle contact! Any tendency of the rollers to thrust is absorbed by the heavy 
integral flanges of the outer race. Completely relieved of this burden, the 
cage cannof distort and so fail in its vital duty of roller alignment. This is 
the one positive method of doing away with cocking and skewing. Only 
PITCHLIGN has it! 
PITCHLIGN performs where others fail . . . interchangeable with preci- 

sion needle bearings, of course. Get the facts! Ask for Bulletin SF-266 





bilization.”’ 


ww eS ae 


the overload of aircraft maintenance 
Which is already exceeding the ca- 
Pacity of existing Air Force main- 
tenance facilities. This has advan- 
tages for both industry and the Air 
Force. It will save us the prohibitive 
cost of erecting new facilities of our 
°wn to handle what we know will be 


(Continued on Page 236) 
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LORD Bonded-Rubber 


Mountings used in basic de- 
sign help to increase sales for 
leading appliance manufac- 
turers. Inherent Vibration and 
Shock are actually “designed 
out” of the appliance, resulting 
in smooth operation and longer 
service life. For instance, the 
famous Blackstone Automatic 
Washer does its work quietly 
and efficiently with the “spin 
dry” basket mounted on the 
Lord bonded-rubber flexible 

mounting. This Lord bonded-rubber flexible mounting compensates 

for unbalanced loading of the “spin dryer” during the clothes-drying 

cycle. This is another of many examples in which Lord engineering 

experience and precision manufacturing technique combine to ad- 

vantage in basic design to speed up and increase end product sales in 
, highly competitive markets. Consider increasing consumer preference 

for your product by using Lord vibration and shock control mountings. 
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Advertisement 
Appliance Manufacturers 
Profit By Using Lord 
Mountings To Isolate 
Vibration and Shock 

Efforts to “design out” of modern 
appliances the irritating and damag- 
ing factors of vibration and shock 
meet with considerable success when 
Lord Mountings and Bonded-Rub- 
ber parts are selected while the 
product is in the early design stage. 

An oustanding example is the 
famous Blackstone Automatic 
Washer, boon to housewives the 
world over, The use of a specially 
designed Lord bonded neoprene 
flexible coupling isolates the normal 
vibration which would accrue to the 
uneven loading of the tub during 
the spinning cycle. This coupling 
not only drives the tub with its full 
load of clothes during the spin cycle, 
but acts as a pivot, allowing the tub 
to float freely within the outer shell. 

This combined flexible drive and 
pivot prevents transfer of shock and 
vibration to the base and outer shell 
of the washer. During the draining 
cycle, the Lord coupling supports 
the entire weight of the tub, the 
clothes, and a full load of water, a 
total weight of approximately 200 
pounds. In each of its functions this 
Lord full bonded neoprene coupling 
is stressed in shear, resulting in 
maximum flexibility. 

Other examples of product im- 
provement by isolating vibration 
and shock through the use of Lord 
Precision Bonded-Rubber Products 
are found in room air conditioners, 
air circulating fans, food and juice 
mixers, ice cube dispensers, portable 
sanders, to name but a few, 

Lord Manufacturing Company, 
Erie, Pa. invites inquiries from de- 
sign engineers whose problems in- 
volve vibration and shock isolation 
or power transmission, 


Bonded Neoprene Hub Solves 
Fan Noise Problem 

Recently, a prominent manufac- 
turer had produced an attractive 
and efficient window-type air con- 
ditioner. However a high level of 
motor noise caused purchasers to 
favor competitive units. Investiga- 
tion showed that although motor 
mounts were doing a satisfactory 
job of isolating motor noise from 

(Continued on next page) 
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Advertisement 


the cabinet, they did not prevent | 
noise from being carried through 

the motor shaft into the fan blades 
and from there into the air stream. 
It was evident that corrective meas- 




















































mm ures must either prevent the dis- 
ig- turbance from reaching the fan 
ck blades, or must dampen the vibra- 
en tion of the blades themselves, After 
b- several unsatisfactory attempts at 
he redesign, the fan blades were given 
pe. three heavy coats of paint. This re- 
he duced the noise level somewhat. 
tic However, the process was expensive 
he and not altogether satisfactory. 
lly 
ne 
al 
he 
ng 
ng 
ull 
le, 
ub 
ell. 
~ fhis Lord Design Solved the Problem 
- The problem was placed with en- 
ng gineers of the Lord Manufacturing 
sn Company of Erie, Pa. who specialize 
ae in the control of vibration and the 
. production of bonded rubber parts. 
00 Within a short time a design for 
vs a new hub was submitted for con- 
ng sideration. | 
in | Dormeyer 
m- | 
ar For’a quarter century Lord has solved the vibration and shock 
rd problems of industry. In the manufacture of home appliances 
- the necessity for controlling vibration is of first importance. 
i For example in the Dormeyer Blender used in thousands of 
~a homes every day, a Lord Flexible Coupling provides smooth 
ble power delivery for the blending action and accommodates shaft 
| The pte hub ge | misalignment between motor and blades. In addition, four Lord 
ay; ee = 2 | Mountings prevent vibration from telegraphing to the blending 
le- | stamped aluminum washer and a | jar. These precision Lord Mountings also assure accurate posi- 
in- zinc die casting between which was | tioning of the jar on the base. 
on | bonded neoprene of proper stiffness | Whatever your design problem may be . . . vibration, shock, 
- insure fan stability and maximum | or smooth power transmission . . . we welcome the opportunity 
vibration isolation. There was no | to help you 
| metallic path for vibration to fol- | 
es low, and the neoprene formed a 
| very effective “sound dam” between BURBANK, CALIFORNIA =—S> DALLAS, TEXAS = PHILADELPHIA 7, PENNSYLVANIA DAYTON 2, OHIO 
ace shaft and fan. Tests determined 233 South Third Street 412 Fidelity Union 725 Widener Building 410 West First Street 
ve {| that motor noise almost entirely dis- DETROIT 2, MICHIGAN NEW YORK 16, NEW YORK CHICAGO 11, ILLINOIS ERIE, PENNSYLVANIA 
yn- appeared, and operating noise fell to 7310 Woodward Ave. 280 Madison Avenue 520 N. Michigan Ave. 1635 West 12th Street 
of such a low level that even the most 
to |  ritical members of the staff were LORD MANUFACTURING COMPANY ° ERIE, PA. 
7a- satisfied. Cost figures proved that | PED a “is 
tor the bonded neoprene hub was less head: uartlers 
ry expensive than the staked hub pre- a ig 2 
om |  Viously used plus the three coat | | Ld TION C : 
paint job on the fan. i = a. 
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where HARD RUBBER is right 


use it! 





.-.can’t hurt 


CORROSIVES 


ACE molded parts 


Because ACE hard rubber is completely unaffected 
by most chemicals and doesn’t object to water in the 
least, it’s ideal for parts like this rayon candle filter. 

One of the strongest plastics (tensile up to 10,000 
psi.), ACE hard rubber is good for tough jobs, too. 
Easy to machine (the threads above, for example), 
easily polished (like your faithful ACE comb), it does 
a better job at lower cost in thousands of parts from 
bearings to magneto parts and water meter pistons. 
We can mold it for you, extrude plain and fancy 
shapes, supply sheets for punched parts, line .or 


cover metal with it, 


and even make large, intricate 


parts by hand-wrapping. 
Ask for valuable design Handbook on ACE Hard 
Rubber and Plastics. 


aK 
“ ~ 





American Hard Rubber Company 








93 WORTH 


STREET + MEW YORK 13, WM. Y. 






Engineering News 





(Continued from Page 233) 
increasing maintenance needs. More- 
over, it should be into full operation 
at about the same time that procure- 
ment of new aircraft begins to taper 
off toward the subsistence level.” 

General Tunner said that in ad- 
dition to these four insurance pol- 
icies, Air Materiel Command is tak- 
ing a fifth step within the command 
itself. He referred to the decentrai- 
ization program, which “places 
authority and responsibility for 
logistical service closer to the cus- 
tomer and the things he needs.” 

This idea was borrowed from in- 
dustry which had similar problems. 
Though airframes, engines and 
items requiring extensive engineer- 
ing are still being bought at 
Wright-Patterson Air Force Base 
at Dayton, most of the supply 
items will be purchased at the bases 
having prime responsibility for 
these items. 


Nation's Nickel Supply 
To Get Substantial Boost 


The nation’s supply of nickel, one 
of the most critical of all mate- 
rials, will be ‘boosted substantially 
during the next several years from 
the only known major deposit with- 
in the continental United States. 
Final product of the operation will 
be ingots of ferronickel, containing 
at least 25 per cent nickel and not 
more than 75 per cent iron. Ferro- 
nickel can be substituted readily for 
pure nickel in the production of 
stainless and various other low- 
alloy steels. It is not considered 
practicable as a substitute for pure 
nickel in the production of high- 
alloy steels. 

The big mountain deposit in 
southwestern Oregon will be worked 
by the Hanna Coal & Ore Corp. and 
the Hanna Nickel Smelting Co. Pro- 
duction of from 95 to 125 millio: 
pounds is expected, with the bulk 
of the scheduled output sold to the 
American steel industry. 

Net result of ‘the project will be 
to release substantial amounts of 
pure nickel for specialized defense 
and industrial uses. The Oregon 
undertaking, however, will leave 
the U. S. far short of the goal 
of 190.000 tons of nickel per yea! 
by 1955 established by the Defens¢ 
Production Administration. 
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‘AMERICAN 


FOR 
CIRCULAR 
WELDED 
PRODUCTS 








Send for your copy 
of ovr 20 page 
illustrated catalog 
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AMERICAN WELDING & 


MANUFACTURING CO. - WARREN, OHIO 





LET US SEND YOU MORE FACTS OR 


BETTER YET SEND US YOUR SPECIFICATIONS 
FOR PROMPT QUOTATIONS 


TVG WELT Le 








We thrive on 


tough gear problems 


More and more gear users rely on The 
Cincinnati Gear Company for their special 
gear needs, because they've found that we 
have the “know-how” to produce the right gears 
for their toughest requirements every time! And this 
“know-how” is backed up by the most modern pro- 
duction equipment, complete heat treating facilities, 


Precision 
Miter Gears 
for Aircraft 
Landing Gear 





one of the largest shave cutter stocks, electronic in- INTERNAL 
spection when required . . . everything our expert SPIRAL BEVEL 
craftsmen need to produce top-quality custom gears 

consistently, economically. _ 

Filling different, unusual custom gear orders is an [yy MERRINGBONE 
every-day occurrence for us. Whatever your custom *CONIFLEX BEVEL 
gear requirements may be, we can fill them to your SPLINE SHAFT 
complete satisfaction. Write, wire, or call today for 

full information. *Reg. U.S. Pat. Off. 











In The Machinery Design Industry 
Install a 
VIKING PUMPS ee | 





The use of Viking Rotary 
Pumps by many of the 
leaders in the Machinery 
design field is your assurance of dependable, efficient 


pumping. 


Fig. 54 (V2 to 32 gpm) 
Foot Type Unmounted Pump 


FOR THE JOB REQUIRING: 
Pressures to 200 psi (Heavy- 
duty type) 


Fast, self priming 

Capacities 2 to 1050 gpm 

Smooth, even flow 

Pressures to 500 psi on sizes 
to 3% gpm 


Handling all types of thick or 
thin liquids, 

there you will find Vikings specified 

and successfully used. 


Ask for folder 1803H for small 
pumps in capacities to 18 gpm. 
Others also available on request. 


Pump Company 
Tite | @f-tele] ae well EE leh 'Ze 
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Flying model airplanes such as the 
gasoline - powered model shown 
above were built by Consolidated 
Vultee Aircraft Corp. in developing 
the Navy Sea Dart jet fighter, pic- 
tured below on shore. A series of 
eight radio-controlled dynamically 
similar models, scaled down in size, 
power, weight and balance, preceded 
the full-scale seaplane. One of the 
models was a sweptwing transonic 
seaplane, the first to have wings 
blended into the hull. However, 
Convair engineers, convinced that a 
delta wing is more suited to super- 
sonic flight than a sweptwing, speci- 
fied the former in the final Sea 


Dart model. A model costs between 

15 and 20 thousands of dollars and 

requires three months to build; use 

of models eliminates the need for 

full-scale planes costing from 5 to 
20 millions of dollars 





Factory space of the E. B. Sewall 
Mfg. Co. has been nearly doubled, 
and the company’s address has 
been changed to 705 Raymond Ave., 
St. Paul 14, Minn. In addition to a 
complete line of standard pitch 
stock sprockets, the firm produces 
special sprockets as well as cut 
spur, helical, straight beve] and 
spiral bevel gears, worms and ma- 
chine-cut gear racks. 

* 


Formerly manager of eastern di- 
vision sales, E. M. Richardson has 
been named general sales manage! 
of Nice Ball Bearing Co., Phila- 
delphia. He joined the company 
as a sales engineer in 1945. 
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PRODUCT 
© LE Co. 1953 


IN DEVELOPING POSSIBILITIES 


INCENTIVE-INSPIRED CO-ACTION 


LINCOLN PLANT CREATED BY 


NEW 





WELDED DESIGN 
ALWAYS SAVES STEEL 
AND LOWERS COST 








of pedestal 


grinder required costly milling and drill- 
ing using heavy machine tool equipment. 
Casting had to be filled and painted to 
obtain quality finish for sales appeal. 


Fig. 1. Original construction 








Fig. 2. Present welded steel design. Ouval- 
ity of product and appearance improved 
to enhance sales appeal. Stability increased 
by lowering motor into pedestal base. 
rigid and costs 12% less to produce. 
Courtesy, The Bridgeport Safety Emery 
Wheel Co., Inc., Bridgeport, Conn. 


Weight is cut 35% yet product is mere 
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Machine Design Sheets available on request. Designers and Engineers write on your letterhead to Dept. 1102, 


THE LINCOLN ELECTRIC COMPANY 


CLEVELAND 17, OHIO 
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Behind these doors is a mod- 
ern plont with the finest pre- 
cision production facilities 
and skilled craftsmen guided 
by modern methods and pro- 
cedures. This is o plant where 
quality is more than a word 


, — it's a method of manufac- 


INDIANA GEAR 


INDIANA GEAR WORKS, INC. « INDIANAPOLIS 7, INDIANA 


turing. 


the aviation industry since 1933— 









for suppliers with the manufacturing 


twenty years of precision experience 


and craftsmen to produce consistent Be 





that enables ILG.W. to match design .- 


intelligence with creative production. 





Engineering News 





New Machine Forms 
One-Piece Exhaust Cones 


Inner exhaust cones for jet en- 
gines are rolled from heavy stain- 
less steel sheets in a matter of 
minutes with a new machine de- 
signed by Reed Engineering Co. 
Shown in use at Ryan Aeronautical 
Co., the new machine eliminates 
many operations formerly required 
to build the cones in two pieces 
and weld them together. 

With the new cone roller, a sheet 
of pattern-cut stainless steel is 
placed between the tapered rolls of 
the machine, pushbuttons are de- 
pressed, and a complete cone rolls 
out. It is placed on an automatic 
Heliarec welding machine and the 
longitudinal seam is welded in one 
pass. Cones formed by this meth- 
od are sound structurally and 
claimed to be better in quality than 
those built by the former method, 
which involved rolling a truncated 
cone and capping it with a smaller 
cone. 





+ 


O & S Bearing Co. of Detroit and 
its solely owned subsidiary, the 
Neveroil Products Co. of Whitmore 
Lake, Mich., have been consolidated. 
The new company wil] be known 
as the O & S Bearing & Mfg. ©. 
and will be located at 777 West 
Eight Mile Rd., Whitmore Lake, 
Mich. O & S Bearing Co. will main- 
tain Detroit sales and service of- 
fices. 
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INDUSTRIAL TUBE FITTING 
STOCKS CARRIED BY 


AKRON 9, O.—B. W. Rogers Co., 850 So. High St. 
ARDMORE, Pa.—Louvis H. Hein Co., 15 West Lancaster Ave. 


BALTIMORE 13, Md.—Cerey Machinery & Supply Co. 
3501 Brehms Lane 


BALTIMORE 5, Md. —Whitehead Metal Products Co. 
4300 E. Monument St. 





BEAUMONT, Tex. —Stondard Brass & Mfg. Co., 705 Milam St. 


BOSTON 15, Mass.—A. E. Borden Co., 176 Brookline Ave, 
BRYSON CITY, N.C. — Wallace Co. of Carolina, P.O. Box 572 


BUFFALO 7, N. Y.—Whitehead Metal Products Co. 
2128 Eimwood Ave. 


CAMBRIDGE 39, Mass. — Whitehead Metal Products Co. 
281 Albany St. 


CEDAR RAPIDS, la.—Globe Machinery & Supply Co. 
309 8th Ave., S. E. 


CHICAGO 14, Ill. —Wallace Tube Co., 1300 Diversey Pkwy. 
CINCINNATI 29, O.—Williams & Co., 3231 Fredonia Ave. 


CLEVELAND 14, O.—W. M. Pattison Supply Co. 
777 Rockwell Ave. 


CLEVELAND 15, O.—B. W. Rogers Co., 1900 Euclid Ave. 
CLEVELAND 14, O.—Williams & Co., 3700 Perkins Ave. 
COLUMBUS 8, O.—Williams & Co., 851 Williams Ave. 
DALLAS 9, Tex. — Metal Goods Corp., 6211 Cedar Springs Rd. 


DAVENPORT, la. —Globe Machinery & Supply Co. 
410 East Second St. 


DAYTON 10, O.—J. N. Fauver Co., 1534 Keystone Ave. 
DENVER 2, Colo.—Metal Goods Corp., 2425 Wainut St. 


DES MOINES 6, la.—Globe Machinery & Supply Co. 
East First & Court Ave. 


DETROIT 1, Mich.—J. N. Fauver Co., 49 West Hancock St. 


HARRISON, N. J. — Whitehead Metal Products Co. 
1000 South Fourth Ave. 


HOUSTON 3, Tex.—Metal Goods Corp., 711 Milby St. 


HOUSTON 1, Tex. —Standard Brass & Mfg. Co. 
2018 Franklin St. 


INDIANAPOLIS 27, Ind.—Korhumel Stee! & Aluminum Co. 


3362 Shelby St. 


JACKSONVILLE, Fla.—Florida Metals Inc. 
2937 Strickland St. 


KANSAS CITY 16, Mo. —Metal Goods Corp., 1300 Burlington 
Ave., North Kansas City 


KNOXVILLE 5, Tenn. —Leinart Engineering Co. 
412 E. 5th Ave. 


LOS ANGELES 4, Cal. —Haskel Engineering & Supply Co. 
721 W. Broadway, Glendale 


LOS ANGELES 12, Cal.—Metropolitan Supply Co. 
353 East 2nd St. 


MEMPHIS, Tenn. —J. E. Dilworth Co., 730 South Third St. 


MILWAUKEE 3, Wis. —Morman Belting & Supply Co. 
522 W. State St. 


MILWAUKEE 4, Wis. — Wallace Cos. of Wisconsin 
838 So. 6th St. 


MINNEAPOLIS 15, Minn. — Vincent Brass & Copper Co. 
124 Twelfth Ave., So. 


NEW ORLEANS 12, La.—Metai Goods Corp., 432 Julia St. 
NEWPORT NEWS, Va. —Noland Co., 27th St. & Virginia Ave. 


NEW YORK 12, N. Y.—Nielsen Hydraulic Equipment, inc. 
298 Lafayette St. 


NEW YORK 14, N. Y.—Whitehead Metal Products Co. 
303 West 10th St. 


PHILADELPHIA 40, Pa.—Whitehead Metal Products Co. 
1955 Hunting Park Ave. 


PITTSBURGH 33, Pa. —Williams & Co., 901 Pennsylvania Ave. 


PORTLAND 10, Ore. —Hydraulic Power Equipment Co. 
2316 N. W. Savier St. 


ROANOKE 10, Va.—Noland Company, 11 Salem Ave. 


ROCKFORD, Ill. —Rockford Tool & Transmission Co. 
802 Broadway 


SAN FRANCISCO 3, Cal. —General Machinery & Sup. Co. 
1346 Folsom St. 


SEATTLE 9, Wash. —Palmer Supply Co., 222 Westlake, N. 


SHREVEPORT, La.—Standard Brass & Mfg. Co. 
1557 Texas Ave. 


ST. LOUIS 15, Mo.—Metal Goods Corp., 5239 Brown Ave. 


SYRACUSE 4, N. Y.—Whiteheod Metal Products Co. 
207 W. Taylor St. 


TOLEDO 2, O.—Williams & Co., 650 E. Woodruff Ave. 
TULSA, Okla. —Ardun Supply Co., 317 S. Detroit 

TULSA 3, Okla. —Metal Goods Corp., 302 North Boston 
CANADA— Railway & Power Engineering Corp. Ltd. 
EXPORT — Mercator Corp., 438 Walnut St., Reading, Po. 
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Engineering News 





Materials To Be Discussed 
At Three-Day Conference 


A three-day conference on basic 
materials available to manufactur- 
ers will be held at the Hotel Roose- 
velt, New York, June 16 to 18. 
Properties and potentialities of a 
whole range of new materials will 
be discussed. Sponsored by execu- 
tives of twenty leading companies, 
the conference is being held simul- 
taneously with the materials ex- 
position announced in January 
(Page 226). 

In addition to the discussion of 
the new materials, there will be 
sessions on new applications of old- 
er, more standard materials. Sub- 
jects scheduled for discussion in- 
clude economic factors of materials 
newly developed and those still in 
the research stage, product design 
from a materials standpoint, or- 
ganization of materials engineering 
departments, and sources of infor- 
mation about new materials and 
their special applications. More 
than 2000 experts are expected to 
be present to lead these discussions 
and answer questions. 

The conference is open to man- 
agement executives, project engi- 
neers, product engineers, materials 
engineers, production experts, re- 
search engineers and sales and mar- 
keting executives. Advance regis- 
tration cards may be obtained 
from Clapp and Poliak Inc., the ex- 
position management, at 341 Mad- 
ison Avenue, New York 17. 


Shell Molding 
Grows in Popularity 


Indicating the growth of the 
shell molding process, figures re- 
leased by the plastics division of 
Monsanto Chemical Co. show that 
production of resins used in this 
process has more than doubled 
each year since 1950. 

Shell molding is being used in 
both large and small foundries, 
with 20 foundries in actual produc- 
tion last year and more than 100 
beyond the development stage but 
waiting for machines or patterns. 
Most shell molding units are mul- 
tiple-station machines, varyine 
from 2 to 24. Approximately 300 


Moly-sulfide 


ALITTLE DOES A LOT 


is proving effective 

even where other 
lubricants 
have failed 








Moaly-sultide , a solid-film lubri- 
cant, is proving so useful in diffi- 
cult friction applications that new 
uses are found daily. 154 cases of 
how serious problems were solved 
are described in our booklet. Your 
own problems may be like those 
described. Write for your copy of 
this booklet. 


Climax Molybdenum Company 


| 500 Fifth Avenue 
New York City 36.NY 




















& te) ¥ T enough to be rolled 


into a ball, or hard enough to be 
ground and chiseled. Felters Felt is 
used for jobs like padding delicate 
instruments and polishing glass. 





FELT 


by FELTERS 


— JUST THE WAY 
YOU NEED IT, 

IN ANY SHAPE, 
THICKNESS, COLOR 
OR CONSISTENCY. 











SOME OF MANY JOBS YOU CAN DO 
WITH FELT BY FELTERS 


SEALING oil in and keeping dirt out 

are jobs that Felters Felt is doing for 
manufacturers who use oil seals, gaskets, 
window liners, etc. 

VIBRATION isolation is one of the 

biggest uses for Felters Felt. Various grades are 
available to reduce transmitted vibration 
as much as 85%. 

CUTTING of Felters Felt is easy. 
Die-cutting, sciving, grinding, etc. are 
done quickly, without frayed edges. 

Or, we will cut parts to meet 

your specifications. 


thee FELTERS 


Company 
218 South Street, Boston 11, Mass. 





Dozens of ideas and 
technical data about 
Felt are given in this 16- 
age “Felters Design 
300k”. To make the 
best use of the exclusive 
combination of proper- 
ties Felt provides, write 
for your copy of the 
“Felters Design Book”. 


Engineering News 





stations were producing shells for 
castings last year, and it is esti- 
mated that by the end of this year 
three times as many stations will 
be in operation. 

Versatility of the process has 
been demonstrated by the success- 
ful casting of large-volume parts. 
Also, shell molding has proved 
adaptable to the casting of nodular 
iron, a recent metallurgical dis- 
covery in the foundry industry. 


Tungsten Carbide Gives Armor 
Piercing Shells ‘Sunday Punch” 


Recently released from the 
“classified” list is the story of 
tungsten carbide’s part in the Nor- 
mandy invasion. One of the hard- 
est substances made by man, it 
served as the hard core of a shell 
which pierced the armor of the 
heaviest German tanks—even when 
a hit was made at a 20-degree 
angle. 

On July 7, 1944, General Eisen- 
hower, then Supreme Commander 
of the Allied Expeditionary Forces, 
informed the Detroit Ordnance Dis- 
trict that the Allied offensive was 
being seriously hampered by lack 
of a shell which would penetrate 
the Nazi tanks. Two days later, 
the Carboloy Dept. of General 
Electric Co. had produced 10 cores 
for testing. In less than two weeks 
from the receipt of the request for 
such a shell, they were in quantity 
production and being flown to 
France. Shells of the same type 
are now being used in Korea. 


Parts of armor piercing shell are, 
left to right, windshield, nosepiece, 
tungsten carbide core and body 


Formerly manager of outside 
sales for Standard Pressed Steel 
Co., Jenkintown, Pa., George A- 
Gade has been named vice president 
in charge of sales. 


MACHINE DESIGN—March 1953 










Eastman 
HYDRAULIC HOSE ASSEMBLIES 


HYDRAULIC 
HOSE ASSEMBLIES 


for the best performance, 
for long life and satisfac- 


Every movement and adjustment performed hydraulically 

®@ Drives arms that mine the coal. 
@ Forward, back—right or left. 

® Raising, lowering cutting head. 


@ Tilting heads to follow veins. 
@ Separating heads for higher cut. 
® Raising discharge conveyor. 


tion—all along the line— 
from manufacturer to user. 
Check your needs on the 
following list: 


COUPLINGS 


Solid Male 


Swivel Male 


Swivel Female 


The mechanical marvel shown in opera- 
tion here... the 76-B Jeffrey COLMOL 

.. is indeed a “mighty mole,” capable of 
tunneling into a coal vein at a speed of 
two feet, or more, per minute—delivering 
from 50 to 100 tons of coal per man day. 


Every movement and adjustment is hy- 
draulically controlled through Eastman 
Hydraulic Hose Assemblies. Over 2000 
psi is applied through 14"’ Eastman 
double braided hose, delivering 140 hp 
to 10 coal cutters which rotate at 50 rpm 
against the coal seam. Another 50 hp is 
independently provided for other hy- 
draulic operations. Marvelous mobility 
is evidenced by the fact that this 25 foot, 


1-Fabric Braid Hose 


2-Fabric Braid Hose 


erevme_ ot 


Spiral Wire Hose 


Write Yh 


for free catalog 161 
on Eastman 
hose couplings 
and fittings. 


ge ete. 





35 ton monster can turn around in its 
own length. 


The Jeffrey Mfg. Co., pioneers in the 
coal mining equipment field, have used 
Eastman Hydraulic Hose Assemblies on 
all their machines for over 20 years. 
Eastman Manufacturing Company, pi- 
oneer in its own field, too—is proud to 
have played a part in the development 
of the Jeffrey line. 


Call upon our 25 years of experience 
in the application of mobile hydraulic 
power ... for greater efficiency in power 
transmission, lowest cost power delivery 
and most satisfactory performance. En- 
gineering consultation at your call. 


§ 


»” 
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Simplify Your 
BURRING, SMOOTHING 
and POLISHING operations 


CRATEX 


RUBBERIZED ABRASIVES 


Today’s changing manufacturing picture — 
new production methods, new metals, in- 
creased use of plastics, new finishes, the 
rise in labor and material costs — all of 
these factors deserve the consideration and 
use of Cratex Rubberized abrasives for: 


BIIRRING * SMOOTHING + POLISHING 
Cleaning, Blending, Lapping, Finishing 
and Trimming Operations 


CRATEX Rubberized Abrasives are made in 
four “‘grit-types” from coarse to extra fine 
—and over 160 standard sizes in— 


WHEELS - POINTS - BLOCKS 
STICKS - CONES 


Ideal for Machine or Manual application on 
hard or soft Metals, Plastics, Glass 
and scores of other materials. 


Backed by 30 years of industrial, profes- 
sional and technical application-perform- 
ance, CRATEX Rubberized Abrasives have 
achieved an unduplicated reputation for low- 
ering “unit costs” with unparalleled results in 
burring, smoothing and polishing operations. 
Investigate Cratex Rubberized Abrasives .. . 
“The Worid’s Finest For Industrial Use”. . . 
send today for Descriptive Catalog which 
gives full details, applications and prices. 


CRATEX FREE TECHNICAL SERVICE 


Cratex abrasive engineers will gladly, with- 
out charge, analyze your individual produc- 
tion operations and recommend the correct 
“rubberized abrasives” to lower your pro- 
duction costs and to meet your burring, 
smoothing and polishing problems. Check 
the coupon for—“Application Analysis Form.” 


MAIL THIS COUPON TODAY 


CRATEX MANUFACTURING CO. 

81 Natoma St., San Francisco 5, Calif. 
Without any obligation please send us— 

(CO Descriptive Catalog. 

(0 Application Analysis Form. 
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AND EXPOSITIONS 


Mar. 16-20— 

National Association of Corro- 
sion Engineers. Annual conference 
to be held at Hotel Sherman, Chi- 
cago, Ill. A. B. Campbell, 919 
Milam Bldg., Houston 2, Texas, is 
secretary. 


Mar. 17-18— 

Steel Founders’ Society. Annual 
meeting to be held at the Edge- 
water Beach Hotel, Chicago, II. 
Additional information may be ob- 
tained from society headquarters, 
920 Midland Bldg., Cleveland, O. 


Mar. 18-20— 

American Society of Tool Engi- 
neers. Annual meeting to be held 
at Hotel Statler, Detroit, Mich. 
Harry E. Conrad, 10700 Puritan 
Ave., Detroit 21, Mich., is execu- 
tive secretary. 


Mar. 23-27— 

American Society for Metals. 
Eighth western metal exposition 
to be held at the Pan-Pacific Audi- 
torium, ._Los Angeles, Calif. con- 
curréntly with the Western Metal 
Congress which is to be held at the 
Statler Hotel, Los Angeles, Calif. 
Additional information may be ob- 
tained from exposition headquar- 
ters, 7619 Beverly Blvd., Los 
Angeles, Calif. 


Mar. 25-27— 

Society of Automotive Engineers. 
First national production meeting 
to be held at the Statler Hotel, 
Cleveland, O. Additional informa- 
tion may be obtained from society 
headquarters, 29 West 39th St., 
New York 18, N. Y. 


Apr. 20-22— 
Metal Powder Association: An- 
nual meeting and exhibit to be held 















) Hundreds of the country’s leading _ 
| manufacturers of ranges, washing 
~ machines and similar appliances 
> have standardized on 2000"... 

+ because no other bell timer gives 
> such rugged dependability at so 

> little costl 


**2000"" is perfect for any device 
_ or appliance where a clear, reso- — 
© nant bell signal is required at the 
* end of a pre-set, measured time _ 
q interval. 
© Durability is built into 2000" 
. .. its simple, trouble-proof oper- 
ation has earned its outstanding 
popularity. 


Available with a wide variety 
of modern dials and knobs. Write 
today for full details and prices. 











SPECIFICATIONS 


©) Standard timing ranges from 60 seconds to 5 
©) hours. Normally supplied with center stud 
mounting. Other mountings available on 
* request. May be supplied with winding shafts 
~ of various types. 









Manufactured and sold in Canada by 
SPERRY GYROSCOPE OTTAWA, Limited 
3 Hamilton St, Ottawa, Ontario, Canada 


a 


M. H. RHODES, INC. 


HARTFORD, CONNECTICUT 
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Meetings and Expositions 


at Hotel Cleveland, Cleveland, O. 
Robert L. Ziegfeld, 420 Lexington 
Ave., New York 17, N. Y. is sec- 
retary. 


Mar. 31-Apr. 2— 

International Magnesium Exposi- 
tion to be held at National Guard 
Armory, Washington, D. C. Calvin 
H. Corey, 261 Constitution Ave., 
Washington 1, D. C., is general 
chairman. 


Apr. 13-15— 

American Society of Lubrication 
Engineers. Eighth annual meeting 
to be held at Hotel Statler, Boston, 
Mass. Additional information may 
be obtained from society headquar- 
ters, 343 South Dearborn St., Chi- 
cago 4, Il. 


Apr. 20-23— 

Packaging Machinery Manufac- 
turers Institute. Annual packaging 
exposition to be held at the Navy 
Pier, Chicago, Ill. Additional in- 
formation may be obtained from 
society headquarters,, 342 Madison 
Ave., New York 17, N. Y. 


Apr. 20-23— 

Society of Automotive Engineers. 
Aeronautic production forum, na- 
tional aeronautic meeting and air- 
craft engineering display to be held 
at Hotels Governor Clinton & Stat- 
ler, New York, N. Y. John A. C. 
Warner, 29 West 39th St., New 
York 18, N. Y., is secretary. 


Apr. 27-28— 

American Zinc Institute Ince. 
Thirty-fifth annual meeting to be 
held at Hotel Statler, St. Louis, 
Mo. Ernest V. Gent, 60 East 42nd 
St., New York 17, N. Y., is secre- 
tary. 


Apr. 26-30— 

American Ceramic Society. An- 
nual meeting to be held at Hotel 
Statler, New York, N. Y. Charles 
S. Pearce, 2525 North High St., 
Columbus 2, O., is secretary. 
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SHOCK ” V/BRA TION 


NE WS 


oe. Of a NEW 
wire-mesh isolator 
that won’t change 
on the job! 


The new Type 7630 and Type 7640 ALL-METL Barrymounts 
have been specifically designed to eliminate loss of efficiency due to 
damper packing. Previous wire-mesh unit vibration isolators ex- 
hibited a definite loss of damping efficiency after a period in actual 
service, because the wire-mesh damper tended to pack. These new 
unit Barrymounts have eliminated this difficulty, because the load- 
bearing spring returns the damper to its normal position on 
every cycle, 


@ Very light weight — helps you reduce the weight of 
mounted equipment. 

@ Hex top — simplifies your installation problems. 

@ High isolation efficiency — meets latest government 
specifications (JAN-C-172A, etc.) — gives your equip- 
ment maximum protection. 

@ Ruggedized — to meet the shock-test requirements of 
military specifications. 

@ Operates over a wide range of temperatures — ideal for 
guided-missile or jet installations. 


Compare these unit isolators with any others — by making 
your own tests, or on the basis of full details contained in Barry 
Product Bulletin 531. Your free copy will be mailed on request. 

See these new isolators in action, and discuss their applications 


with us, at the New York I.R.E. Show. 


722 PLEASANT ST., WATERTOWN 72 MASSACHUSETTS 









gOS 


for Hard Working 
Machinery 





of ing opie™ 





aN CLUTCHES AND! ORIVES 


A @ 


HYDRAULIC DIVISION, Rockford, Illinois 





»@ 4.6 ) tp @ © @ 


TWIN DISC CLUTCH COMPANY, Racine, Wisconsin - 





* LOS ANGELES + BEWARE - 


BRANCHES: CLEVELAND - 





Design Abstracts 


(Continued from Page 179) 


represents a loss which can be min- 
imized in design by having the mag- 
netic field overlap the electrodes by 
an amount equal to two or three 
times the air gap length. 

Of all the electromagnetic pumps, 
this type is the simplest and inher- 
ently the most rugged and depend- 
able. The maintaining of suffici- 
ently cool electrical windings is a 
common problem; in this type it 
can be minimized by moving the ex- 
citing windings away from the hot 
liquid duct and by insulating be- 
tween the duct and the pole faces. 
Insulation between the duct and 
the pole faces requires more excit- 
ing current in the exciting wind- 
ings, and consequently a higher 
field loss, but this is not excessive. 
Units in which the windings were 
cooled by natural convection have 
operated with fluid temperatures 
as high as 800 F without excessive 
winding temperatures, making elec- 
trical varnish insulation usable. 
Other models have used very low 
voltage, high current windings con- 
nected in series with the “arma- 
ture” in the manner of a series con- 
nected de motor. In this arrange- 
ment, stainless steel was used as 
electrical insulation in the wind- 
ings, as it is in the pump section 
or fluid duct. 

These pumps have the shortcom- 
ing of requiring an unusually high 
current supply. The pump section 
—the equivalent armature—is a 
single turn armature, and at rea- 
sonable values of fluid velocities 
and flux densities can develop only 
relatively low back voltage. In ad- 
dition, the “armature” is shunted 
both by the walls of the pump and 
the fluid at the extremities of the 
magnetic field—two paths of inher- 
| ently low resistance. Consequently 
| ‘these pumps are forced to operate 
at low voltages, in the neighbor- 
hood of one volt, and the current 
requirements are high. This char- 
acteristic has prevented use in ap- 
plications where large fluid horse- 
power is required. However, where 
the bulk and expense of high-cur- 
rent power supplies are not pro- 
hibitive, they have proved to be 
simple and dependable and have 
heen built for capacities as high as 
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for HYDRAULIC TUBING CONNECTION WORK 





IMPERIAL 37° Stee! FLARED TUBE FITTINGS 








3-PIECE TYPE has sleeve which 
reduces wrench torque required 
in tightening. Permits bends close 
to joint. 


2-PIECE TYPE can be used for 
same applications as 3-piece type 
—offers advantages in economy. 





Fitting consists of 3 pieces: body, 
nut and sleeve. 


HI-DUTY TUBE CUTTER. Has ball bearing 
action, flare cut-off groove in rollers. Re- 
tractable reamer. No. 274-F for 1/8” to 1” 
O.D. Tubing. No. 312-F for 1/4” to 1-3/8” 
O.D. Ne. 206-F for 3/4” to 2-1/4” O.D. 
Also No. 384-F Sawing Vise for tubing 
3/16” to 1-1/2” O.D. 


IMPERIAL 


When assembled, sleeve bites into 
tubing assuring a tight joint. 


37° FLARING TOOLS for SAE 1010 soft 


steel and other metal tubing. Make flares 
to J.I.C. standards. Easy, single lever 
clamping. One compact tool, No. 437-F, 
flares six sizes — 3/16”, 1/4”, 5/16”, 3/8”, 
1/2”, 5/8” O.D, Tubing. Ne. 537-F flares 
3/4”, 7/8”, 1", 1-1/4” O.D. Tubing. 


% 2-Piece and 3-Piece Types. Withstand 


high pressure service and severe op- 
ae erating conditions, 
% Joints stay fluid-tight beyond burst 


pressure of the tubing. Meet J.LC. 
requirements. 


% Used with J.I.C. and other soft steel 
tubing. Also copper, fully annealed 
stainless steel tubing, etc. 





% Make safe connections that withstand 
high pressures and vibration. Joints 
stay fluid-tight beyond burst pressure 
of the tubing itself. Meet J.LC, re- 
quirements, 


% Easier and faster to install. Only an 
open wrench needed. 


% Can be used with practically any tub- 
ing, including heavy wall tubing that 
is difficult to flare. 


/ 





UNIVERSAL GEAR-TYPE BENDERS. will 


bend any type of tubing, including hard 
temper, heavy wall steel. Also pipe. High 


gear ratio makes bending easier. No. 
270-F. Individual Benders for each size 
of tubing — 3/8”, 1/2”, 5/8”, 3/4”, 7/8”, 
1”, 1-1/8” O.D. Also lever-type benders. 


THE IMPERIAL BRASS MFG. CO., 5125S. Racine Ave., Chicago 7, Illinois 


In Canada: 334 Lauder Ave., Toronto, Ontario 


Ask for Bulletin Set HC. 


Pioneers in Tube Fittings and Tubing Tools 
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cold forged 














































@ For (/) high quality material, 
(/) precise machining, (/) fast as- 
sembly, and (/) good appearance, 
specify CHANDLER cold forged 
metal fasteners. They are manufac- 
tured from tested high quality alloy 
steel by the most modern machinery 
and methods. Every fastener must 
pass rigid inspection to make sure 
it meets your specifications. This 
uniform high quality makes assem- 
bly faster, and smoothly finished 
heads assure good appearance of the 
completed assemblies. 

Specialists in Alloy Bolts .. . Grind- 
ing to close tolerances . . . Drilled 
heads or shanks. Diameters 1/4” 
5/16” 3/8” to 3” in length and di- 
ameters 7/16” 1/2” 9/16” to 5” 
in length. 961-CH 


Manufacturers of Place Self Locking Bolts 





TTT 


( orp 


higisgiesdits 





| ( handler Products 





1494 Chardon Road @ Cleveland 17, Ohio 
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about 400 gpm and for heads as 
high as 100 ft. 


Faraday AC Pump: High currents 
can most readily be obtained from 
a transformer. A Faraday pump 
might be made to work on alter- 
nating current if the field were ex- 
cited by alternating current proper- 
ly phased with the voltage applied 
to the armature. A number have 
been designed, built, and tested, 
and proved to have the advantage 
envisioned—that of requiring no 
bulky or special power supplies. 
They have, in general, the elements 
shown in Fig. 1 and possess the as- 
sets of being rugged, simple and de- 
pendable. However, additional loss- 
es are large and efficiency js ap- 
preciably less than that obtainable 
from Faraday de pumps. One of 
the major additional losses is due 
to the fact that the fluid acts as a 
shorted turn in a transformer; the 
alternating field induces currents in 
the fluid which cause an /*R loss 
and increase the flux leakage 
around the gap. Units have been 
developed which show efficiencies 
as high as 15 per cent. 

A pump of this type is shown 
in Fig. 2. The current transformer 
which produces the high current 
has a magnetic core which is com- 
mon with the core for the magnetic 
circuit, making a single unit. A 
series connection is used so that 
the flux in the gap and the current 
in the fluid are substantially jin time 
phase. 

Because of low efficiency and the 
bulky magnetic circuit, applications 
have been limited to small sizes. 
Free convection cooling of the pri- 
mary windings is not difficult; no 
svecial power source is required. 
The small pumps have been gener- 
ally used for laboratory purposes 
where efficiency is less of a con- 
sideration than convenience. 


Helical Flow Induction Pump: 
This type of electromagnetic pump 
resembles an induction motor in 
principle and in operating charac- 
teristics. The net effect is that of 
an induction motor in which the 
rotor conductors have moved into 
the air gap, become a fluid enclosed 
in a thin hollow cylinder and are 
separated into multiple helical 





Light-duty Model 
0440 shown. 1% to 3 
HP, 2 to 5.6 CFM, 7 
to 20 PSI. Direct or 
V-belt. 


Heavy-duty Model 
1065 shown. V3 to 2 
HP, 3.8 to 21 CFM, 
10 to 30 PSI. Direct or 
V-belt. 


tere 





V-belt Dual Chamber 
10 x 1040. 9 CFM each 
side, vac. to 20”, 
pres. to 20 Ibs. 


Integral Motor— 
Pump Model 0210, 4 
HP, 1.3 CFM, to 25 


PSI. Vy 


better appearance 
better performance 


FOR YOUR 
PRODUCTS 





with rotary-vane 


GAST air 
COMPRESSORS 


MANY SIZES, TYPES 





Offer your customers better perform- 
ance, better appearance! Specify Gast 
rotary-vane Air Compressors as origi- 
nal equipment on products where com- 
pressed air of 10 to 30 Ibs. is needed. 
Select from 1.3 to 24 CFM range — 
numerous sizes and combinations. Pre- 
cision built; integral-motor, V-belt or di- 
rect drive models; standard accessories. 


see our catalog in 
9 








Investigate! See why 
Gast Air Compressors 
give you specific advan- 
«write fr PY tages for aerating, atom- 
izing, blowing, liquid displacing, et¢. 


Write for Catalog and Application 
Ideas Booklet! 


Original Equipment Manufacturers 
for Over 25 Years 


ST 


AIR MOTORS - COMPRESSORS - VACUUM PUMPS 
(TO THREE HP.) (70 30 185.) (to 28 INCHES) : 
GAST MANUFACTURING CORP, 109 Hinkley St, Benton Harbor, Mich. 
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FACILITIES... 








one 
of 
many 
reasons 
for 

Hyatt 
leadership! 













In testing laboratory or manufacturing plant, 
















Hyatt’s facilities are second to none. Continuing 
research in methods and materials, and exacting 
inspection with the finest in modern equipment, 
has made the Hyatt name a synonym for “highest 
quality.” That’s why Hyatt Roller Bearings are 
so widely used in design applications involving 
radial loads. Design engineers know that Hyatt 
bearings have been “performance-proved” for 
smoother, trouble-free operation and longer life. 
Hyatt Bearings Division, General Motors 


Corporation. Harrison, New Jersey. 


WAT TT xouce ccannes 
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keeping fabrics 
‘fon the move’”’ 


in Hunter Piece Dye Machines 


The large yardage of cottons, rayons, synthetics, woolens or 
worsteds accommodated by Hunter Piece Dye Machines — 
in one, continuous operation — involves thousands of dollars 
per batch. 

Should the movement of cloth over the reel be interrupted, 
allowing the material to remain stationary in the dye liquor 
for an appreciable time, the ruined fabric would obviously 
involve a major loss. 

As a safeguard against such failure, James Hunter Machine 
Company, the manufacturer, takes every precaution to insure 
the dependability of its transmission. The reel which carries 
the cloth in its Model A and Model S Dye Kettles is motor- 
driven through a Winsmith Type B, single reduction, worm 
gear reducer. “The Winsmith Reducer was selected for its 
dependability,” say Hunter engineers. “Our experience with 
them is such that a change has never been warranted.” Like- 
wise, Winsmith reducers are used on Hunter Single Apron 
Dryers and Sample Dye Kettles. 

The advantages of Winsmith Speed Reducers for any appli- 
cations within the 1/100 to 85 hp range, in ratios from 1.1:1 
to 50,000: 1, have made them a distinct preference. Make sure 
you are acquainted with the complete, fully standardized 
Winsmith line of worm, helical and patented differential gear 
designs. Request Catalog 148. 


WINSMITH, INC. 
16 ELTON ST. 
Springville (Erie County), N. Y. 


— 


)))\) a 
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paths. These elements are shown 
schematically in Fig. 3. 

A three-phase winding acts to 
create a rotating multiple field. 
This field, by inducing voltages in 
the fluid, causes a pattern of cur- 
rents to flow in the fluid similar to 
those which flow in the rotor of 
an induction motor. The interac- 
tion between the field and the cur- 
rents which are induced in the fluid 
produces a force which causes the 
fluid to tend to rotate. This force, 
exerted on all fluid under the poles, 
is resolved from a radial direction 
into an axial component by the 
helical vane so that a pressure rise 
is developed between the two ends 
of the cylinder. Copper rings are 
brazed to the inside wall of the 
duct at its two ends to provide a 
return path for the current, which 
flows axially in one direction under 
one pole and in the opposite direc- 
tion under the adjacent pole. 


“Slip” Determines Pressure 


Performance is comparable in 
many respects to that of an induc- 
tion motor with a high air gap 
and a high-resistance rotor. At a 
flow for which the fluid is rotating 
at the same speed as the field, the 
pump theoretically develops no 
pressure; corresponding to syn- 
chronous speed in an induction mo- 
tor. 

Actually, because of the internal 
hydraulic losses, this point is 
reached at a flow somewhat less 
than synchronous flow. The “slip” 
of the fluid with respect to the field 
is similar to the familiar slip of an 
induction motor. The entire per- 
formance is a function of the slip 
and the impressed voltage, the pres- 
sure rising as the slip increases 
As in other electromagnetic pumps 
the duct walls act as shunt curren! 
paths and appear as an equivalent 
high core loss, or as a high-resist- 
ance stalled rotor electrically in 
parallel with the fluid rotor. One 
loss finds no parallel in the induc 
tion motor; the fluid, flowing axial- 
ly in the gap, has induced in it 4 
circumferential voltage gradient. 
This causes currents to circulate in 
the zone where the fluid enters and 
leaves the field. 

A number of these pumps have 
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eee The ELECTROL 


Best applications are where rela- 
tively high pressures and low flows 
are required, and where size is at a 
premium. The high pressure char- | 
acteristic can be obtained by having 
a flat helix in the fluid channel so 
that, in effect, the fluid must pass 
over and be acted on by each pole 
a number of times as it flows 
through the pump. - Heads as high 
as 260 feet of sodium have been 
developed. 

One unit, weighing 1500 pounds, 
required 1000 cfm of air for cooling 
and delivered 400 gpm of sodium 
against a developed head of 60 feet. 
The unit required 25 cps power, and 
operated at a power factor of 80 
per cent. 


Linear Induction Pump: A fourth 
type which has been the subject of 
some development is the linear in- 
duction type. In operating prin- 
ciple, it is identical to the helical 
flow pump; however, its elements 
are arranged in a different form. 
The fluid is contained in a duct of 
rectangular cross section, connected 
at each end through transition sec- ° ° ° 4 
tions to the inlet and discharge Equipped with a Dampening WAU TC: 
nozzles. In practice, the aspect 
ratio of the duct cross section is : fj : f, 
ratio of the duct cross section (8 (MAXI CMU ae U0 
polyphase multipole ac winding is 
located on both sides of the duct, 
with the axes of the coils perpen- 
dicular to both the large dimension 
of the duct cross section and the 
direction of flow. The winding is, 
of course, contained in a suitable 
core and properly supported me- 
chanically. Thermal insulation is 
interposed between the duct and 
the magnetic core to minimize heat 
loss from the fluid and to make it 
possible to maintain a reasonable 
winding temperature. An expan- 
sion joint is provided to allow for 
the temperature differential exist- 
ing between the hot duct and the 
relatively cold outer walls of the FI 
pump. Most of these elements ap- | bd | 
pear in Fig. 4 which shows a sec- e C ro 
tion “cut” through \a model in the ! 
middle, illustrating typical con- H YD R A U , C 5 Y 
struction. The fluid channel is the 
rectangular opening in the middle. : ae 
It is divided into eight smaller Llectro/ Vydrauticd 
channels by vanes which are only 
to provide stiffness to the duct 


XINGSTON, NEW YORK 
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Promet Bars Stand Up 
Where the Going 


Made from Promet No. 6, an outstand- 
ing leaded bearing bronze noted for 
its free machining properties. Un- 
believably great resistance to heat and 
wear. Will not burn, seize, pound out. 


PROMET'S HIGH SAFETY FACTOR iS 
YOUR INSURANCE AGAINST BEARING 
FAILURE! 


Tougher, harder and stronger, it resists 
shock loads and withstands high com- 
pressive forces and will not cut, 
or stick to the shaft under ordinary 
operating conditions. There is no seiz- 
ing, no scoring—just smooth, quiet 
operation. Will not powder under the 
most severe conditions of service. When 
lubrication fails temporarily, Promet 
carries on safely until proper lubrica- 
tion can be restored, affording protec- 
tion against production shutdowns. 
PROMET FULLY MACHINED BARS SAVE 
YOU TIME, TOOLS AND MONEY! 
Completely precision machined inside, 
outside and on the ends, yet sufficient 
stock remains for the finishing cut. 
Can be machined at speeds of more 
than 500 feet per minute—more than 
double those of prosphor bronzes. This 
complete machining insures you against 
subsurface defects sometimes found In 
revgh cast bars. A considerable amovat 
ef metal has already been removed— 
metal which you would be purchasing 
if you used rough bars. Every bor is 
absolutely concentric. 
Available round, hexagon and square, 
in 13-inch lengths, rough cost. 
MONEY-BACK GUARANTEE 
of leager, superior service and lower mainte- 
nance cost. 


FREE ADVISORY SERVICE 
Our competent design and engineering staff 
will be glod to assist you in solving your 
special bearing problems. Send today for 
free literature. 


THE AMERICAN CRUCIBLE PRODUCTS CO. 
1321 Oberlin Avenve Lorain, Ohie 
Please send free literature on Promet 
Cored and Solid Bronze Bar Stock 
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walls. Cooling air openings are on 
opposite sides of the outer walls. 
When a three-phase alternating 
voltage is applied to the windings 
a multipole field is established with 
adjacent poles of alternate polarity. 
This field moves down the duct one 
pole pitch every half cycle. Cur- 
rents are induced in the fluid which 
tend to make the fluid follow the 
field. The behavior is similar to 
that which occurs in the helical 
flow type. However, because the 
field is moving in the same direc- 
tion as the fluid is required to flow, 
no guide vanes are required and 
the force which the moving field 
exerts on the fluid, divided by the 
cross section area of the duct, is 
the pressure developed. The same 
relation between flow, synchronous 


| 





flow, impressed voltage, and pres- | 


sure exist in this pump as exist in 
the helical flow pump; however, the 
type of end loss noted in the helical 
flow pump has no equivalent in the 
linear induction pump. 

This type is best suited where 
relatively large flows at moderate 
heads are required and where space 
and power supplies are at a pre- 
mium. Using standard electrical 
insulation, these pumps _ require 
forced convection cooling systems 
of reasonable size. As in the case 
of the helical flow induction pump, 
the windings are cooled by the 
forced circulation of air through 
suitably designed passages in the 
stator iron. 

One unit of this type has deliv- 
ered 1200 gpm of 850 F sodium for 
110 ft developed head at 300 volts, 
288 amps, 0.45 power factor, 60 cps. 
The unit weighed 6430 pounds and 
required 2000 cfm of cooling air. 


General Considerations: By com- 
parison to standard centrifugal 
pumps for conventional usage, the 





electromagnetic pumps suffer in ef- | 


ficiency and size. However, the 
convenience or, in some cases, the 
necessity of having completely 
leakless operation has warranted 
their development and use. 
Development has been rapid; the 
pumps have advanced in a few 
years from an engineering curiosity 
to a point where they are usable 
pieces of equipment and amenable 


| to design in a fairly straightfor- 








from any angle 


SIZE AND 
SPHERICAL ACCURACY 





PERFECTION 
OF SURFACE 





UNIFORMITY 


DEPENDABLE 
PHYSICAL QUALITY 
ot yott 


BEST BALL BUY 


If you have a metal ball 
problem, why not let Strom 
solve it for you. Whether for 
precision ball bearings or 
for one of many other ball 
applications ... Strom will 
supply the right ball to meet 
your requirements. For 

more than a quarter century, 
industry has looked to 

Strom for metal balls of 
unsurpassed quality. 
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NOW...A new source of supply 


for Magnesium Sand Molded Castings! 





tionally machinable castings. 


Although American-Standard is not primarily known 
for manufacturing magnesium castings, it is not a novice 
in this field. During World War II and since, American- 
Standard has turned out these light weight, durable 
castings for military use. In fact, during the last war 
when American-Standard had four plants producing 
these castings, it was the Jargest producer of magnesium 
sand molded castings. 

Now American-Standard can offer to civilian manu- 
facturers some of the output of its Litchfield, Illinois 
foundry . . . which is equipped with such facilities for 


American-Stardard 





American-Standard 


The modern facilities and production experience American- 
Standard has built up in supplying magnesium castings to the 
Armed Forces during two wars now can be offered to civilian 
manufacturers who need these light weight, adaptable, excep- 






control of casting as X-ray, spectrographic analysis, 
metallographic investigation and other recognized types 
of foundry controls. 

It is equipped to turn out almost any size and shape of 
magnesium sand molded casting . . . and to serve you 
promptly. 

American-Standard also has experienced engineers 
who will be glad to analyze your particular design prob- 
lem, and to help you in any way possible. They’re al- 
ways at your call. For further information about Mag- 
nesium Sand Molded Castings, just return the coupon. 


American-Standard 
Dept. MD-33, Pittsburgh 30, Pa. 
Please send free literature on Magnesium Sand Molded Castings. 


NS 5 056-5464 0000b4b606 sesna Ke omn eee hestdeees tenes 
LS <6 tate oe ctin ce Gibnscseceen seesemibuseetesbeebe 


American Radiator & Standard Sanitary Corporation, Dept. MD-33, Pittsburgh 30, Pa. 


AMERICAN-STANDARD + AMERICAN BLOWER + CHURCH SEATS & WALL TILE 
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AL. 
MAGNETIC 
STARTERS 


with Plasti-Clad 
Magnet Coil 


Write for 
Bulletin 605 












HERMETICALLY 
SEALED 
RELAYS 


Write for 
Bulletin ASR 





22204-0 






22300-0 








INDUSTRIAL: : 
CONTACTORS; : 
with Plasti-Clad * : 
Magnet Coil ° ° 
Write for : : 
Bulletin 600 = § ° 
GENERAL ; : 
PURPOSE ° : 
RELAYS : ° 
Write for : : 
Bulletin 570 . 


R-B-, 
ESSEX 








MANUAL AND 






-M DIVISION 
WIRE CORP. 


ogansport, Indiana 


THERE 1S AN EES cow7Roe 
70 77 Your Needs 








Full accessibility in a 
small package. 


Contacts, coil and thermal ele- 
ment replacement with use of 
screwdriver only. Magnet coil 
—in molded phenolic case 
with riveted terminals—is 
completely embedded in a 
rock-hard resinous material, 
thus protecting against oil, 
dirt, moisture and normal me- 
chanical damage. 


50% smaller — lighter. 


R-B-M 22204-0 meets AN 
3304-1 specifications. R-B-M 
engineers have developed the 
22300-0 currently used in 
government electronic, air- 
borne and ground equipment 
—as the electrical and mechan- 
ical equivalent of the AN 
3304-1, yet 50% smaller in 
size with % the weight. 


2-8 poles Non-Reversing. 
2-5 poles Reversing. 
25 Amp — 600 AC Max. 


Contacts can be replaced with- 
out removing wiring. To 
change coil, remove magnet 
frame and coil assembly only. 
10 and 15 amp. poles can be 
changed from normally open 
to normally closed by using 
screwdriver only. 


Low cost. Small size. 
Dependable performance. 
Available in many contact 
arrangements. 

Whatever your needs for inex- 
pensive, dependable relays for 
commercial applications—in- 
vestigate R-B-M General Pur- 
pose Relays. 


+ * 
Other R-B-M products include: motor overload protectors, 
motor starting relays and low voltage DC electrical devices. 


Consult R-B-M On Your Control Problems — Write Department F-3 


MAGNETI ELECTRI 
—- FOR AUTOMOTIVE, INDUSTRIAL COMMUNICATION AND ELEC 
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ward manner. It is reasonable to 
expect that future development will 
lead to more improved designs, and 
that the pumping problem will be 
removed as a deterrent to more 
widespread use of liquid metals. 

From a paper entitled “Electro- 
magnetic Pumps for High Temper- 
ature Liquid Metal” presented ai 
the ASME Annual Meeting in New 
York, N. Y., December 1952. 


Writing Sells Ideas 
By A. J. Casser 


Technical Writer 
Allis-Chalmers Mfg. Co. 
Mi'wauvkee, Wis. 


ECOGNITION of an engineer's 

achievements and professional 
progress often depends on adequate 
and effective expression in writing. 
And, while technical writing may 
not be easy for many individuals, 
the ability to put thoughts on paper 
clearly and concisely does have 
worthwhile compensations. 

As engineers, your company’s 
name and reputation are as impor- 
tant as your own degree. The com- 
pany’s reputation is obtained main- 
ly from the collective reputation of 
its individual engineers. Technical 
articles not only increase the com- 
pany’s prestige but your own 2s 
well. If you doubt this, check the 
big names in engineering. They're 
the names you’ve read again and 
again until they have become 
known authorities. 

Technical writing takes plenty of 
thought and research and stick-to- 
itiveness. The author must state 
his subject clearly and must hold 
the attention of his readers 
throughout the article. There is no 
excuse for writing a long list ©! 
facts and expecting the reader tv 
go beyond the first paragraph. 

When a job is well done, when 4 
tough problem is solved success- 
fully, or when a new product is de- 
veloped, it deserves publicity. Un- 
questionably, there is a persona! 
satisfaction for the author in writ- 
ing about such a subject. Besides 
seeing his material in print, he '= 
providing information of real valtc 
to his readers—information that 


| will often help members in other 
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U.S. DRILL HEAD COMPANY SAYS... 


EAT TREATING 
ELIMI 


®REJECTIONS REDUCED 
®WEARABILITY INCREASED AND 


COSTS CUT 50% 


WITH 


STRESSPROOF' 


SEVERELY COLD-WORKED, FURNACE-TREATED 
STEEL BARS 

























/ 
f 


/ 
‘ 














e Spindles for these multiple drill-heads must be straight. 
Formerly heat-treated, straightening was a difficult, 
costly job, and rejections were high. 


Now produced from STRESSPROOF, heat-treating, 


with its attendant straightening problem, is eliminated; 


Multiple spindle, made by U.S. 
Drill Head Company, Cincinnati, 
Ohio, uses spindles made from 


machinability is increased 25%; wearing properties have seein 
been improved; and costs reduced 50%. 

STRESSPROOF makes a better part at a lower cost. 

STRESSPROOF’s value to manufacturers like U.S. Drill Head stems 
from its unique combination of four qualities in the bar: (1) Strength, SEND FOR 
2) Wearability, (3) Machinability, and (4) Minimum Warpage. Yet ’ Free Engineering Bulletin 
STRESSPROOF costs less than other quality cold-finished steel bars. “New Economies in the Use 
It comes in cold-drawn or ground and polished finish. of Steel Bars” 


La Salle Steel Co. 
1426 150th Street 
Hammond, Indiana 















STEEL co. *” 














Manufacturers of the Most Complete 
Line of Carbon and Alloy Cold-Finished ;¢ Adar 
and Ground and Polished Steel Bars in America. c 








ity Zone— State. 
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Greater 
Strength — 
Less Weight 


Each element is made of 
the special steel alloy and 
subjected to the exact heat 
treatment required to pro- 
vide the high balanced 
strength and light weight 
which characterize all 


Add to this precision design 
and simple construction, 
and you have the reasons 
why Curtis Universal Joints 
are the most durable, trou- 
ble-free joints available . .. 
for uses ranging from in- 
strument controls to heavy 
steel mill applications. 


6) 


ONLY CURTIS OFFERS ALL 
THESE ADVANTAGES 
Availability — 14 sizes always 
in stock; bored or unbored hubs. 
6” hub diameter joints or special 

machining to specifications. 


Simplicity —fewer parts, simpler 
construction. 
Government Tests — complete 
equipment for government tests 
in our plant. 


Not sold through distributors; 
write direct for free engineer- 
ing data and price list. 


CURTIS 


UNIVERSAL JOINT CO., INC. 


5 BIRNIE AVENUE 
SPRINGFIELD, MASS. 


As near fo you as your telephone 


A MANUFACTURER OF 
UNIVERSAL JOINTS SINCE 1919 
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departments of his own company. 

There is a growing demand for 
technical writing and it is finan- 
cially profitable. The primary rea- 
son for technical writing, however, 
should be to increase your prestige 
as well as your company’s. Gain- 
ing recognition by this means will 
in time give you a reputation as an 
authority in your field. It will put 
you in good stead with any other 
company that may need a consult- 
ant engineer. 

You might ask yourself, “Am I 
qualified to write?” The answer 
is yes, whenever you have an active 
interest in a subject, have person- 
ally acquired fresh information and 
have strong ideas that demand ex- 
pression. 

Fellow engineers find your work 
interesting because they know so 
little about it. In doing a par- 
ticular job, you may have informa- 
tion unavailable to anyone else; 
you may be using different methods 
or discovering new facts on the- 
ories. Remember, what is old and 
familiar to you is very likely new 
and interesting to others. 


What to Write: You should write 
about a subject that is of particu- 
lar interest to a certain group of 
readers. Select the magazine or 
technical journal in which you want 
your article to appear and then 
write to that group of readers. 
There are many subjects that can 
be broadly grouped into a number 
of definite types. The following 
may serve as a pattern. 


1. PRODUCT DESIGN. Generally of- 
fers the most readily available 
material for an article. Because 
design information tends to 
read like sales bulletin copy, 
only unbiased treatment is ac- 
ceptable. Describing a new prod- 
uct through a series of design 
problems and their solutions us- 
ually avoids the obvious com- 
mercial nature of the product 
design article. 

2. RESEARCH AND TEST FINDINGS. 
This material is always eagerly 
sought by technical magazines. 
Besides maintaining your own 
and company prestige, it is often 
used as reference material by 
other engineers for years to 
come. 


3. TRENDS STORY. Appears in many 

















e- 
eh 
O | witow Grove 


Precisioneered! 


Universal Precisioneered 
Balls are, as the name suggests, 
engineered to precise 
tolerances . . . round all over, 
within ten-millionths of 
an inch. Extreme accuracy. 
Mirror finish. Quality- 
control throughout. 


Where high speeds, 
silent operation, and minimal 
torsional resistance are 
musts, specify Universal 
Precisioneered Balls of 
chrome or stainless steels. 
Universal balls are also 
produced in all standard 
grades in chrome, 
stainless, bronze, solar 
aluminum and special 
materials . . .all 100% inspected, 
all individually gauged. 


For special instrument 
applications, we produce 

balls guaranteed accurate 
within .000005’’. ‘ 








Universal 
Ball co. 








& MONTGOMERY CO., PA. 
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RACINE - 


ALL COMPONENTS FOR ANY HYDRAULIC CIRCUIT 
They work better together” 


4 


WRITE FOR NEW CATALOG AND , 
oil 


NAME OF NEAREST FIELD OFFICE. ast > 
| Complete Engineering Service N » a 
eats 


= Available without charge. Address: 
RACINE HYDRAULICS & MACHINERY, INC. ete 
2073 ALBERT ST., RACINE, WISCONSIN, U.S.A. ' AY 
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Ea Weiler, 


FIXTURE CLAMPS and COMPONENTS 
























SAVE TOOL AND DESIGN COSTS 
Adopt Morton's Fixture Clamps and Components as 
STANDARDS. Largest range of sizes and types in the In- 
dustry. Can be modified to whatever changes you specify. 










UPON REQUEST 
72 page informative 


Catalog including illus- 

trations and full size moRTO é ‘a i 
tracing templates of : { 
ae MACHINE ‘WORKS © 


2421 WOLCOTT sT. | nbediaie te wall, 





















Weldments, 
Bases and 
Sub-Assemblies 






Fabricating plate and sheet metal is the modern 
method of producing Weldments, Bases or Sub- 
Assemblies. Such welded products speed up 
production by eliminating machining opera- 
tions, make alterations easy without expensive 
pattern changes. 

To do a perfect fabricating job experience 
and modern equipment also play an important 
role, Littleford has both. Fabricating metals 
since 1882, with skilled workmen and the latest 
in shearing, forming, shaping, welding, flame 
cutting and finishing equipment is assurance 
of quality products. 

For Economy, Strength, Permanence, Adijust- 
ability and Low Cost insist on 
Littleford Fabricated Weldments, 
Bases and Sub-Assemblies. 


































FABRICATORS 
or 
PLATE AND 
SHEET METAL 
PRODUCTS 
FOR INDUSTRY 
SINCE 18682 

















LITTLEFORD BROS., INC. 
424 E€. PEARL ST., 
GINCINNATI 2, QHIO 
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publications at least once a year. 
Since this information must 
come from manufacturers and 
users of equipment, an article 
on trends in design, use, mer- 
chandising, etc., is usually wel- 
come. 

4. NEW METHODS OF UTILIZING 
EQUIPMENT. Also, short-cut hints 
as used in your own or custo- 
mers’ manufacturing operations. 

5. USER CASE HISTORY. Exempli- 
fies the successful operation of 
equipment in a completed instal- 
lation. 

6. UNUSUAL APPLICATIONS. Used 
singly to interest a broad group 
of readers, or multiplied to probe 

a new market and to start the 
industrial world thinking. 

. MAINTENANCE AND CONSERVATION. 
Advice on equipment that you 
are most familiar with and that 

you know best. This is always 
read by operation and mainte- 
nance men. 

8. How TO Buy. Written from any 
unbiased point of view, giving 
readers specific information on 
industry standards, acceptance 
tests, estimation of relative costs 
and required equipment. 

9. SUCCESSFUL IDEAS ON HOW TO 
SELL OR MERCHANDISE. This is 
likely to be more and more in 
demand for normally competi- 
tive markets. 

10. “INTO THE FUTURE” MATERIAL. 
Very significant when predic- 
tions are carefully projected 
from authoritative data. A single 
idea or article of this kind can 
influence an entire industry. 


fo | 


These subjects are typical of 
those which you can write from 
material available in the course of 
day-to-day work. Remember, too, 
that one idea can often be worked 
into several articles for different 
publications in different fields. 


How to Start: One of the easiest 
methods of starting is to just look 
about you and conduct a market 
survey. This can be accomplished 
at your company’s library or the 
public library by merely thumbing 
through a half-dozen industrial 
publications. When paging throug) 
these magazines, make notes on 
what types of artieles are used and 
how long they are. Scan the ar- 
ticle and determine whether the 
author is “popularizing” or if he 
is using straight technical writing. 

The difference between the two 
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ROLL CALL OF 


SEALASTIC USERS 


e AIRCRAFT ENGINES 


Allison Division—General 
Motors Corp. 


Bendix Products Division— 


Bendix Aviation Corp. 


Pratt & Whitney Aircraft— 
Division United Aircraft 
Corp. 


Wright Aeronautical Corp. 


—Division Curtiss-Wright 
Corp. 


e AUTOMOTIVE 


Bueh! Manufacturing Co. 
Continental Motors Corp. 
Ford Motor Company 
Packard Motor Car Co. 


e BUSES 


ACF Brill Motors Co. 
Canadian Car & Foundry 


General American Aerocoach 


—Div. General American 
Transportation Corp. 


Twin Coach Co. 


e FOOD PROCESSING 


The Liquid Carbonic Corp. 


@ MACHINERY 


Allis-Chalmers Mfg. Co. 


Detroit Diesel Engine Divi- 
sion—General Motors Corp. 


e OIL WELL MACHINERY 


Cardwell Mfg. Co., Inc. 


e RAILWAY 
The Budd Company 


Electro-Motive Division— 
General Motors Corp. 


@ REFRIGERATION 


Howe Ice Machine Company 





IN AMERICAN 


®) THESE NOTABLE NAMES 


INDUSTRY 








Scalaslic 


SELF-LOCKING ——> 
FERRULE* 



























SYNTHETIC 
RUBBER SEAL RING bh of 
SS Scwx ABSORBING 
THE FITTING THAT IS ~SH,@ wus 


ann VIBRATION-FATIGUE PROOF ror tow, 


MEDIUM AND HIGH PRESSURES 


By eliminating metal-to-metal 
contact between tube and fitting, 
SEALASTIC ends your problem of 
leaks and breaks caused by shock 
and vibration-fatigue. Overcomes 
tube misalignments. Permits de- 
pendable, cost-saving, straight- 
line-tubing between fixed points. 


This cushioned-coupling design 
provides a seal ring of synthetic 
rubber, surrounding a ferrule 
(either self-locking or solid ring 
swaged, sweated or brazed). 


Seal ring prevents metal-to-metal 
contact and cushions against vibra- 
tion. Nut only needs to be tightened 
by hand to place entire seal under 


compression (to withstand pressure 
up to 4,000 p.s.i.). 

Substantial time and labor savings 
in assembly work or emergency 
repairs are made possible because 
Sealastic Fittings are engineered 
and integrated to your special 
requirements. 


The varied industries listed at the 
left are proof of Sealastic’s practi- 
cal application wherever fuel, oil, 
water, refrigerants, air or ether in- 
jection must pass through metal 
tubes or piping. 

May we send you descriptive book- 
let and full details of Sealastic 
engineering service? 


“For critical applications, we recommend the solid ferrule fixed on the tube. 


CHICAGO FORGING & MFG. CO. 


Automotive Parts Manufacturer since 1922 


2000 SOUTHPORT AVENUE + CHICAGO 14, ILLINOIS 





**Some territories still open for sales representatives’’. 





Shims stamped from 
LAMINUM® look like 


solid metal but actually 
are made up of from T na A 
3 to 63 layers of .002 or 
.003 inch brass or steel. 


Think of this shim as an adjust- 
ment device. As used here, its cost 
was Only 19¢. It’s made of our ex- 
clusive LAMINUM®, has 16 layers 
of .002” brass in one unit. 

It gives wide tolerances to the 
thrust gear housing, saving expen- 
sive machining time. 


it precisely preloads the bear- 
ing. Inner race rests on the collar, 


SP 


Check Our Stampings Division 


1203 UNION STREET °* 
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( A “BUILT-IN” ADJUSTMENT 


SHIM HEADQUARTERS SINCE 1913 


For Your Stamped Parts Requirements 





THAT ACTUALLY COSTS LESS | 


N NO ADJUSTMENT! 


...» there's less machining and you can “take up" after wear. 


marked by arrow. Outer race is 
“fixed” in the housing. Removal of 
a .002” shim lamination bring: 
housing and outer race closer to 
main assembly. This gives the mi- 
nute preloading adjustment for best 
angular contact bearing operation. 


It “‘takes up"’ after wear. 
Removal of additional laminations 
makes simple, quick adjustment. 





— 


© LAMINATED oO 

















© COMPANY, INC. O | 
————————————— 


GLENBROOK, CONNECTICUT 
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is that if a writer presents his ma- 
terial or technical information in a 
manner easily understood by the 
average reader, he is “populariz- 
ing.” This is an informa] style of 
writing where the author avoids 
using technical language. How- 
ever, if he cannot avoid using tech- 
nical terms, he will define them so 
the average reader can understand 
the article without much effort. On 
the other hand, straight technical 
writing results when the writer 
feels that his reputation depends 
on what other engineers think of 
him, not on what the man in the 
street thinks. Then, people feel 
that the engineer cannot write ex- 
actly and completely about his sub- 
ject without being technical. Also, 
technical writing is impersonal and 
objective, whereas the most read- 
able popular treatments are likely 
to be personal. 

Emphasis should also be placed 
on determining and analyzing your 
reader audience. Who would be in- 
terested in the subject, on what 
grounds can you meet your read- 
ers? That is, are you writing for 
other readers of your caliber and 
how capable are they of under- 
standing the material you plan to 
present ? 

When evaluating your subject, 
and in determining whether or not 
it is worth writing at all, you 
should analyze the subject with re- 
spect to its timeliness or urgency 
for the industry. Has the subject 
been over-publicized and can it be 
adequately presented? 

Now comes the choice of material! 
and approach to use. This includes 
such factors as: What new materia! 
do I have, what part is fact and 
what part opinion; how does it fit 
into existing common knowledge 
what remains to be said, and how 
much common knowledge can he 
incorporated ? 


An Outline Is Necessary: Manu- 
script preparation must begin wit! 
the development of an outline, 
basic pattern of ideas and thoughts 
you wish to present in a logical se- 
quence. Outlining holds your pat- 
tern of thinking to the main points 
that you wish to emphasize. It also 
forces you to recognize your pur 
pose in writing the article ana 
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greatly lessens the time and effort 
spent in revisions. 

Make your outline comprehensive 
rather than detailed. Put the main 
points early, and save a strong 
point for the conclusion. Then, ar- 
range the order to secure continuity 
of logic and interest. Let natural- 
ness and individuality guide within 
these limits, and abide by known 
reader habits. 


In checking over your outline, see 
if it duplicates material already 
published, if it is properly slanted, 
and whether or not you should give 
emphasis to the points as you have 
outlined them. 

Important, too, suggestions for 
illustrations can frequently be made 
on the basis of your outline and 
this phase of your assignment com- 
pleted as you prepare your manu- 


script. 


How to Write: When starting to 
write from the outline, put all your 
ideas down in concrete form as 
they occur to you, without concern 
for finished form. Remember, you 
can do your final polishing later 
and slant your article in the form 
and style which is preferred. 

The simplest, most concise ap- 
proach is the best. Write for inter- 
ested readers, not specialists, Read- 
able style calls for simple and 
concrete words, simple and direct 
sentences, and short paragraphs. 
A good paragraph is from six to 
twelve typewritten lines. Gener- 
ally, too, the article itself should 
be as short as possible, although 
this depends entirely on what you 
have to say and whether or not 
any definite length has been speci- 
fied. About four double-spaced 
typewritten pages of “pica” type 
are required to make an average 
printed page. 

Evaluation of the first rough 
draft should be based on these 
questions: Are all the ideas incor- 
porated? Did you say what you 
wanted to say? Do you mean what 
you said—by attaching importance 
to a point through length of discus- 
Sion as well as phrasing? How log- 
ically does it read? 

Now put your story aside for a 
day or two to gain some perspec- 
tive and a fresh outlook. Revise 
your manuscript until you are sat- 
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RESULT STORIES THAT RING THE BELL! 


.. 
(| 


\ 





glass decorator ups capacity 
20%, cuts handling 25% 







\ 


spring producer boosts output 
350%, saves 30% floor space 






¥ ‘ 
cotton processor licks costly 
fire problem 







‘ 


fish packer cuts handling 
time 






\ ‘ \ \F \ \\ \ 


coal producer speeds 
drying cycle 


yyy 
aon on any \. 


Cambridge Wire Mesh Conveyor Belts 
have helped produce these cost-saving results in plant after plant 
across the nation. 


Wouldn’t it be a good idea for you to investigate how these 
amazingly versatile conveyor belts can combine movement with 
processing in the equipment you are building? 

They can be used at temperatures ranging from sub-freezing for 
food packers, to as high as 2100° F. for heat treating. They can be 
used in corrosive solutions such as pickling acids or in ordinary 
water if your product must be washed during processing. Open 
mesh of the belt allows free circulation of process atmospheres, 
free drainage of process solutions. All-metal construction means 
long life and low maintenance. They’re available in any metal or 
alloy, mesh or weave, length or width. 

Best of all, Cambridge has a solidly experienced Field Engineering staff at 
your service. Look under “Belting-Mechanical” in your classified telephone 
book for the man nearest you. Call him in at any time. 

FREE, FOR YOUR OWN STUDY 


Incidentally, we'll be glad to send | —NEW,140 page Cambridge Belt 


i¢ | Catalog illustrates and describes 
you details on any of the resu nocunth kis caniatiabe ates 
stories described in the heading ~ cannes design sketches and 


of this advertisement. metallurgical data. It’s must-read- 
ing for economy minded designers! 
Write for yours! 


The Cambridge Wire Cloth Co. 


Department N 























METAL +++ SPECIAL 
+ CONVEYOR+++ ~—— METAL Cambridge 3, 
BELTS + {7 FABRICATIONS Maryland 
OFFICES IN PRINCIPAL INDUSTRIAL CITIES 
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when 


quality counts 


and accuracy 


is important 


Stamping 


Standart 


Write now for more infor- 
mation and for a copy of our new 
folder “There Are Holes in Our Story.” 


P-MD 





Company 
Address 








City 


State 
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isfied that the organization, gram- 
mar, readability, and wording rep- 
resent your best effort. 

Illustrations—p hotographs, 
charts, sketches, curves, etc., — 
should be used whenever they help 
to tell your story. Include a list 
of illustrations with your article, 
definitely identifying each drawing, 
photograph or sketch to be used 
and supply enough information for 
a suitable caption. Good photo- 
graphs will attract more readers, 
installation pictures are best; cata- 
logue type blockout views are gen- 
erally least desirable. 

Because most magazines redraw 
illustrations to fit their own style, 
finished drawings are not ordinarily 
required. An original rough pencil 


| sketch will do. 


Ready to Write? Don’t Forget: 
1. Pick a subject you know. 

. Analyze your audience. 

. Outline your subject. 

. Tell your story naturally. 
Check it—is it effective? 


a» wo bd 


From an article entitled “Tech- 


nical Writing Can Be Effective” 


| which appeared in the December 


1952 issue of the American Engi- 
neer. 


Using Elastomers 
in Design 
By Charles M. Miller 


Materials Engineer 
Northrop Aircraft, Inc. 
Hawthorne, Calif. 


LASTOMER, a word recently 
added to our dictionaries, per- 


| tains to or denotes possession of 





the properties of natural rubber. 
It is coming into general usage to 
cover those rubberlike forms of 
matter which are not quite solid, 
nor are they fluid enough to call 
liquids. They are especially char- 
acterized by their possession of the 
ability to resist deformation, and 
when deformed, to return to their 
original shape quickly upon release 
of the deforming force. They are 
generally tough, with good tear 
and abrasion resistance, although 
not all exhibit these attributes. 


Weather-Resistant Types: At the 











PROBLEM '* 
LIKE THIS? 


"Ts Saxl Tension Meter 
is used to spot check thread ten- 
sion in the winding and processing 
of yarns. The instrument must of- 
ten be used in an atmosphere of 
lint and high humidity characteris- 
tic of yarn preparatory processes. 


THE PROBLEM 


».» was to keep four 
tiny precision bearings running 
freely under these conditions. 
Open bearings would soon gum 
up and become useless, while bear- 
ings sealed mechanically would 
have excessive and erratic friction. 


® 
THE SOLUTION 

. «» was to use RMB 
Filmoseal ball bearings, which are 
permanently sealed by a strong 
capillary film of lubricating oil. 
Dirt can not enter. Oil can not 
bleed out. Rotary friction is very 
small, and, equally important, re- 
mains constant over long periods 
and through a wide speed range. 


CAN FILMOSEALS SOLVE YOUR 
BEARING CONTAMINATION PROBLEM? 


RMB Filmoseal bearings are made 
in 11 sizes from .1969” to .8661" O.D. 







Write for full information. 


RMB 


LANDIS & GYR, INC. 
43 W. 45th St.. New York 36 








or write for copy 
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Case 
History 
M-118 


Here’s what we mean by SUPERIOR 


ENGINEERED FOUNDRY PRODUCTS... 


PROBLEM: 


1. This part for an assembly line conveyor 
was not being produced economically as 
a weldment. 









ORIGINAL 
DESIGN 





2. The part must withstand constant shock 
and rough handling of the upper hinge 
member. 


The proven principles of SUPERIOR EN- 
GINEERED FOUNDRY DESIGN were 
applied in redesigning the part instead 
of merely duplicating the original weld- 
ment design as a steel casting. Machin- 
ing of the part was done by Superior's 
machine shop. , 


50.2% SAVINGS 


1. The steel casting costs less to produce 
and less machining is required because 
the hinge pin hole is cored. Superior 
delivers complete, machined units, ready 
for installation. 


MODIFIED 
DESIGN 





~ 


The part has the steel casting's inherent 
strength for continuous hard use plus a 
weight reduction of 7.2%. 


Total Cost of Part Reduced 50.2%. 





YOU, TOO, CAN GET SAVINGS LIKE THESE 
BY CONSULTING SUPERIOR'S PRODUCT 


DEVELOPMENT SERVICE. Courtesy of Fabricated Steel Products of Indiana, Inc. 





Remember... you benefit through correct 
design. If it can be cast, Superior's serv- 
ice develops the best design in which to 
cast it. If it shouldn't be cast, Superior's 


Make your parts Superior 
Engineered Foundry Prod- 
ucts ... steel castings to 
30,000 pounds . . . malle- 
able iron castings to 300 


SALES OFFICES 
CHICAGO 4, 332 S. Michigan 
Ave.—DETROIT 35, 18050 James 
Couzens Highway—ST. LOUIS, 
9008 Harrison Ave., Brentwood 
11—BUFFALO, 2107 Kensing- 


pounds. ton Ave. 








service develops the reasons why. 





SUPERIOR STEEL AND MALLEABLE CASTINGS CO.. 


BENTON HARBOR, MICHIGAN, U. S. A. 
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SMALL . 
RELAYS f. W@nm RELAYS 
















» 


p SENSITIVE LATCH 


RELAYS RELAYS 
4 










Instrument- 


SEQUENCE oe Controlled 
Lia? 5 RELAYS 
RELAYS + ond 


» SETS » 














Special- 
Purpose 
RELAYS UNITS 


HMAING 






q 


STRUTHERS 
“DUNN 


Standard relays and timers 
match 4 out of 5 requirements 


















STRUTHERS-DUNN, INC., 150 N. 13th St., PHILADELPHIA 7, PA. 


BALTIMORE « BOSTON « BUFFALO + CHARLOTTE + CHICAGO « CINCINNATI 


MINNEAPOLIS + MONTREAL + NEW ORLEANS * NEW YORK © PITTSBURGH 
ST. LOUIS * SAN FRANCISCO «+ SEATTLE © SYRACUSE *© TORONTO 
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present there is a lot not known 
about the exact nature of the 
weathering or aging action. It is 
most generally accepted that the 
combined effect of heat, light, oxy- 
gen and ozone produces an oxida- 
tion in the surface of the part. 
This oxidation lowers the tensile 
strength and affects the molecular 
bond which gives the elastomer its 
elastic properties. Should the part 
be under tension, the oxidation is 
more rapid and some natural rub- 
ber compounds have shown cracks 
in as short a time as seven days. 


Neoprene Widely Used 


To combat the occurrence of 
weather cracking the designer can 
choose a compound from several 
“weather resistant” groups of ma- 
terials. Probably the most widely 
used group are the chloroprenes, 
more commonly known by the name 
neoprene. This group of compounds 
is made from basic polymers which 
are inherently resistant to oxida- 
tion and which do not use sulfur 
as vulcanizing agents. 

Polysulfide compounds (Thiokol) 
are used as sealing putties and ex- 
hibit excellent weather resistance. 
These compounds have lower me- 
chanical properties and are there- 
fore not generally used for mechan- 
ical goods except as thin gaskets or 
coatings. 

Butyl rubber, a copolymer of iso- 
butylene and isoprene, is almost im- 
pervious to the passage of air and 
is quite generally used for inner 
tubes. Resistance to tearing is 
very good but resilience is poor, so 
that compounds are subject to cold 
flow. This group of compounds 
exhibits, in addition to good weath- 
er resistance, excellent resistance 
to deterioration from the newly de- 
veloped synthetic lubricants and 
hydraulic fluids. 

The elastomers most highly re- 
sistant to oxidation or weather 
cracking are the group known as 
silicone rubbers. They are com- 
pounded from organo-siliconoxide 
polymers and are generally not af- 
fected by ozone or rays from the 
sun. Tensile strength and tear re- 
sistance of this group are generally 
low, and care must be taken in de- 
signing for the use of these com- 
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Here’s how we measure the “Muscle” in an Alloy Bar 


Columbia alloy bars have muscle—and plenty 
of it. It’s the kind of uniform strength that 
our many customers have learned to rely on, 
because each alloy bar is made to the same 
exacting standards as the last. 

Only specially selected raw material is 
used. This material is subjected to a contin- 
ous series of tests (like the one shown 


above) to verify its exact metallurgical con- 
tent. What’s more, each step of our produc- 
tion is rigorously Quality-Controlled by our 
laboratory to produce alloy bars that you can 
use in your production with minimum treat- 
ment and waste. ® More product information 
—technical assistance, too—are yours for the 
asking. Call or write today. 


STEEL & SHAFTING COMPANY 


Pittsburgh 30, Pennsylvania 


SPECIALIZING IN COLO FINISHED STEEL BARS aud SEAMLESS STEEL TUBING 
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HUGHES 
RESEARCH 

AND 
DEVELOPMENT 
LABORATORIES, 


one of the nation’s 
leading electronics 
organizations, is now 
creating a number of 
new openings for 
qualified electro- 
mechanical engineers 
and designers in 
important phases 

of its operations. 


HOW TO 
APPLY 





Write today to 
address below, 
giving details of 
qualifications and ex- 
perience. Assurance 
is required that any 
relocation of an 
applicant will not 
cause disruption 
of an urgent 
military project. 





clientes ttt 
1 
j 
' 
! 
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i 
I 
' 
' 
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' 
‘ 
i 
i ! 
! 
' 
! 
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TO 


ELECTRO-MECHANICAL 
ENGINEERS 


AND 


DESIGNERS 


with experience in 


PRECISION DEVICES 


THE COMPANY 


The Hughes Laboratories, 
located in Southern Cali- 
fornia, are presently en- 
gaged in the development 
and production of ad- 
vanced radar devices, 
electronic computers and 
guided missiles. 


THE OPPORTUNITIES 


Opportunities are offered 
for men who will perform 
interesting work on de- 
velopment of intricate 
new devices in close asso- 
ciation with outstanding 
scientists. Activities will 
embrace a variety of chal- 
lenging problems requir- 
ing originality and afford- 
ing unusual possibilities of 
progress in learning. 


FIELDS OF WORK 


The work includes such 


fields as those involving 
Servo Mechanisms, Com- 
puters, Microwave Tubes, 
Pulse Circuitry, Solid- 
State Physics, Miniaturi- 
zation, Antennas — Wave- 
guides, Heat Transfer, 
Hydraulics—Gyros, Test 
Equipment, Subminiaturi- 
zation, Stress Analysis, In- 
strumentation, Structures, 
and Precision Production 
Mechanisms. 


YOUR FUTURE 


Working experience in 
advanced techniques em- 
ploying the above fields 
will increase your value 
to the Company as it fur- 
ther expands in develop- 
ment of electro-mechani- 
cal devices. Large-scale 
use of electronically con- 
trolled systems in business 
and industry is a certainty 
within the next few years. 


RESEARCH AND DEVELOPMENT 


LABORATORIES 


SCIENTIFIC AND ENGINEERING STAFF 
CULVER CITY, LOS ANGELES COUNTY, CALIFORNIA 
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pounds. Great improvements have 
been made in these properties, and 
these recent developments in the 
silicones have produced compounds 
more nearly approximating the 
“universal compound” than any 
other known elastomer. 


Fuel and Oil-Resistant Types: 
The elastomers possessing the best 
resistance to petroleum-base prod- 
ucts such as fuel and oil are the 
nitrile or butadiene-acrylonitrile 
compounds. This group cannot be 
softened by adjustments in the 
polymer as can the other synthetic 
rubbers, and must rely solely upon 
plasticizers to achieve softness. 
These chemical additions to soften 
the polymer are generally solub'e 
in fuel especially the aromatic 
types. As a result, the fuel re- 
places the plasticizer, swells the 
compound 10 to 30 per cent and 
acts as the plasticizer in producing 
a softening of the compound. Upon 
drying, the fuel constituent that is 
in the compound dries out and the 
part shrinks, often to less than its 
original size. Upon re-wetting, as 
in refilling a dry fuel tank, the 
seals may have shrunk sufficiently 
that leaks occur unti] the com- 
pounds are replasticized by the fuel 
and again swell to fill their cavity. 

The careful selection of basic 
polymer with just the right amount 
of butadiene and acrylonitrile and 
the correct plasticizers and fillers, 
has produced an excellent group of 
compounds now in use. 

These nitrile compounds do not 
have very good weather resistance. 
For this reason there is an exten- 
sive program, in the early stages 
of establishment, to date-stamp all 
such parts to be sure that “old” 
parts will not be the source of fail- 
ure. If these parts are replaced at 
periodic overhaul before they give 
trouble, fuel systems failures from 
this source should be cut down. 

For incidental spillage of fuel or 
oil the chloroprene group is quite 
satisfactory. Here there is a com- 
bination of factors that usually a)- 
plies. Such applications are gen- 
erally also subject to weathering, 
and a decision must be made as to 
which would be the most damaging, 
the fuel or oil, should it get on the 
seal, or the oxidation to which the 
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seal would be subjected all the 
time. It should be emphasized that 
once an elastomer is weather 
cracked, nothing less than replace- 
ment can be done to repair it, as 
the cracks will progress and finally, 
failure of the seal will occur. 

In certain lubricating oils the sili- 
cones again come forward. Silicone 
rubber O-ring seals are used on 
diesel engines, the only elastomer 
capable of resisting deterioration by 
both the temperature and the oil. 
At temperatures of 200 to 400 F 
these are the only elastomers that 
will be serviceable as oil valve 
seats and diaphragms. 


Hydraulic Fluid-Resistant Types: 


The hydraulic fluid most commonly | 


used in the aviation industry is the 
red petroleum base oil. This low 
aniline point fluid causes high swell 
of almost all elastomers, the most 
resistant of which are the Thiokols. 
This elastomer group has lower 
mechanical properties and is not 
used for mechanical goods except 
as flat gasketing or in coatings. 
Nitrile is the next best polymer, 
and is most widely used for seals 
and diaphragms. These compounds 
are quite similar to the lubricating 
oil resistant stocks. While chloro- 
prene and silicone compounds are 
fairly resistant to lubricating oil 
they are swelled to excess by the 
red petroleum base hydraulic fluid. 
Here again, as with fuel immer- 
sion, even the best nitrile com- 
pounds undergo a_ progressive 
shrinkage on successive wetting 
and drying, but the action is not as 
severe as with aromatic fuels. 
The use of the new low-flam- 
mability hydraulic fluids such as 
AMS 3150 has required the devel- 
opment of a new series of com- 
pounds since nitrile and other oil- 
resistant types are excessively 
swelled and softened by the phos- 
phate ester fluids. Butyl rubber 
has proven to be the most swell 
resistant of the polymers available 
at this time. Here a low tear and 
low compression set compound is 
used to make the seals in these 
hydraulic systems. The designs of 
the packing glands and O-ring 
grooves must be carefully worked 
out to allow for the shortcomings 
of the sealing material. Care must 
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EXTRA HIGH SAFETY 
FACTOR. 


@ SOLID STEEL HEADS. 


@HEAVY WALL, PRECI- 
SION HONED, HARD 
CHROME PLATED 
SEAMLESS STEEL BODY. 





@ LEAKPROOF CYLINDER 
HEAD TO BODY CON- 
STRUCTION. 


@ RELATIVE PORT POSI- 
TIONS MAY BE RO- 
TATED WITHOUT 
DISASSEMBLY OF 
CYLINDER AND LOCKED 
IN DESIRED POSITION. 


@ HEAVY DUTY, HI- TEN- 
SILE, HARD CHROME 
PLATED PISTON ROD. 


Wany Wore pAAduanced Features 












) ) 
POY 
/ 
O oslo ofto of 
© O O77 


/ 
CIRCULAR HEADS WITH TIE RODS / 
/ 


oO O!1O OlO O / 
COON 
O O|O O|O O|/ 


SQUARE HEADS WITH TIE RODS / 


/ 
/ 


/ 
/ SPACE 
/ SAVED 
/ ’ 
L " ' 


T- > SPACEMAKER . . provides additional room for 
quip without ificing strength. 















































Streamlined construction of the new T-J 
Cylinders eliminates tie rods... reduces 
head size... and saves up to 40% in 
mounting space!. In addition, a new high 
in strength is achieved with solid steel 
heads and heavy wall seamless steel body 

. leakproof construction ... extra 
high safety factor. 

Cylinder walls are precision honed 
and hard chrome plated for long-life 
efficiency. Available with the new T-J 
Super Cushion Flexible Seals which in- 
sure positive cushion with automatic 
valve action for fast return stroke. Many 
standard sizes and styles . . . both cush- 
ioned and non-cushioned . . . for wide 
range of pushing, pulling, lifting, clamp- 
ing or control jobs. T-J dependability. 
Fast delivery to meet rush requirements. 
Write for bulletin 8152. The Tomkins- 
Johnson Co., Jackson, Mich. 
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temperature 


Here is a new 
problems that is as revolutionary as a new wonder 








treatment for solving your heat transfer 


drug. It stops coil-itis* cold . . . It eliminates the 

many troubles that have plagued industrial heating 

and cooling practices due to the use of old-fashioned, 
outmoded pipe coils. This revolutionary new unit, 
called a Platecoil, heats or cools 50% faster and 
takes 50% less space in the tank. It simplifies 
maintenance and saves hours of downtime. 
Write for bulletin P71 today! 





VE 50% IN HEAT TRANSFER COSTS 


At the K-D Manufacturing Company, 
Platecoils are proving more efficient, yet 
cost only 1/3 as much to install. Ask about 
other case histories, 









_ BLATECOIL 


REPLACES PIPE COILS 


x 


Coil-itis — Diagnosed 
as tank heating and 
cooling problems. 
Platecoils — the pre- 
scription for solving 
pipe coil problems. 


PLATECOIL DIVISION, KOLD-HOLD MANUFACTURING CO., LANSING 4, MICHIGAN 
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be taken to prevent the contamina- 
tion of the hydraulic fluid with pe- 
troleum-base oils as these packings 
may swell from 50 to 250 per cent 
on immersion in low-aniline point 
petroleum fluids. 


High Temperature - Resistant 
Types: All of these elastomers are 
vulcanized, or oxidized as are the 
silicones, at high temperature which 
is often referred to as the “cure”. 
Exposure to higher temperature 
further “cures” the compound or 
degredation may occur. 


The best high temperature-resist- 
ant elastomers are the silicone rub- 
bers. They are usable under con- 
tinuous service to 400 F or more, 
depending on the application. The 
next best group are the nitrile com- 
pounds. These, however, will hard- 
en and lose their elasticity along 
with a reduction in tensile strength 
if subjected to heating at tempera- 
tures exceeding 250 F. On a com- 
parative test for 100 hours of in- 
termittent heating to 250 F for one 
to two hours at each cycle, nitrile 
compounds suffered over 50 per 
cent reduction in tensile strength 
and elongation while the silicone 
compounds did not lose in either of 
these properties. Chloroprene com- 
pounds are also used for high-tem- 
perature service, but are generally 
not as good as the nitrile elas- 
tomers. 

The exposure of the compound 
to an atmosphere containing free 
oxygen will produce an embrittling 
glaze on the surface of some nitrile 
compounds, while surface crust wil! 
break readily. Some cracks may 
appear without flexing the part, an! 
may be caused by surface shrink 
age. Should this same compoun: 
be protected from the air, as b 
tween flanges, the surface will not 
be so glazed and will remain ru 
bery in texture. In one such tes! 
at 400 F the nitrile compound b 
tween the flanges did not glaze ©: 
crack, but the hardness increase: 
appreciably. This test showe! 
clearly the effects of flanges in pr: 
tecting the gasket, and illustrates 
the importance of design in ut'liz:- 
tion of the basic properties of th 
material. 


Low Temperature-Resistan' 
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1 Heavier 


When your production standards demand 
extra protection from corrosion you can get it 
now with the double, triple, and even heavier 
electrolytic zinc coated Thomas Strip. This cold- 
rolled strip steel has a dense, uniformly dis- 
tributed peel-proof zinc coating that adds 
substantially to product life and appearance. 
Coated edges can be furnished in most sizes. 

In addition to the extra heavy zinc coatings, 
Thomas has facilities to handle the heavier 
gauges of strip in coils or cut lengths—thick- 
ness limits up to .125” (full range .005” to 
.125”)—widths 144” to approximately 22”. 

Thomas electro-plated zinc strip may be 
formed, bent, and drawn without affecting the 
bond or causing flaking. Now it is available in 





a product of 


Pittsburgh Steel Company 


Thomas Strip Division * Warren, Ohio 
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commercial, double, triple, and heavier coatings. 
It can be furnished bonderized in strip thick- 
nesses of approximately .050 and lighter to 
provide extra adherence for paint, lacquer, and 
enamel. To learn how to put extra quality into 
your products with precoated Thomas Strip 
write today. 


Cold-rolled strip steel electrolytically pre- 
coated with Zinc, Copper, Brass, Nickel, Lead- 
Alloy, and Chromium in Natural, Planished and 
Buffed Finishes—Hot Dip Tin and Lead Alloy 
Coated—Lacquer Coated in Colors—Annealed 
Spring Steel—Alloy Strip Steel—Uncoated 


Strip Steel. Carefully produced to your speci- 
fications. 








279 








RELAYS 


you can rely on/ 


A manufacturer’s reputation and that 
of his products are often determined 
by the performance of relays. Little 
wonder that more and more design 
engineers and manufacturers are 
specifying the “Diamond Seal for 
Djamond Quality” . . . Automatic 
Electric Manufacturing 
Company’s Relays. 


Unexcelled high standards of 
material and craftsmanship combine to 
produce superior relays that are built 
to exceed—not just meet—the 
most exacting specifications. Automatic 
Relays are available in a wide variety 
of spring and coil combinations 
- Operating potentials and contact 
ratings for an almost limitless 
variety of applications. 


OPEN AND SEALED TYPE RELAYS 


.Whether your requirements demand 
plug-in tube base or any of the other 
standard type mountings,—or a 
specialized mounting—it will pay 
you to get complete facts on Automatic 
Relays with built -in reliability! 
Automatic midgets, dual purpose, 
delayed make or break, circuit control, 
current and potential Relays are 
built to ougnadl seue, military or 
industrial. If you measure quality by 
performance, Automatic Relays 
will measure up! 


Ce. 








& 


The complete line of Automatic Relays are available to meet military 
specifications. The facilities of our engineering deparfment are at your 
disposal. Write, wire or phone. All inquiries will receive prompt attention, 











utomatic VALTae 


64 STATE STREET - MANKATO, MINN. 
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Types: The elastomers exhibiting 
the best flexibility at low tempera- 
ture are the silicone rubbers. Some 
of these compounds are almost as 
flexible at —65 F as they are at 
room temperature. The silicone 
stocks compounded for low com- 
pression set, however, are not as 
flexible at —65 F and the designer 
must compromise. 

Natural rubber and several of 
the synthetic rubbers can be com- 
pounded to give excellent low tem- 
perature service. Here compromises 
are again required. To get the best 
toughness, a natural rubber stock 
will probably be selected and weath- 
er, oil and fuel resistance will im- 
mediately be compromised. <A 
coating of thin chloroprene could 
be applied to tubular parts, which 
would increase resistance to weath- 
ering and damage from spilled en- 
gine oil. A second coating, usually 
a silicone grease, may be required 
to keep the first coating from stick- 
ing to metal surfaces. Hydraulic 
oil or fuel will quickly delaminate 
the chloroprene coating. 


Silicones Weather Best 


To get the best weather resist- 
ance in a low-temperature stock, 
silicone rubber would again be se- 
lected but would sacrifice tough- 
ness. The next best would be 
coated natural or nitrile and if coat- 
ing was not practical, as in a solid 
section or bumper seal due to the 
mechanics of coating, FR-neoprene 
would be used. This freeze-resist- 
ant chloroprene stock would not 
crack on low-temperature flexing 
but would be quite stiff, requiring 
high deflection forces, and would 
not be weather resistant. 

To get low temperature and fuel 
resistance would require a nitrile 
compound. Here a compromise in 
fuel resistance must be made, 25 
the plasticizers which impart good 
low-temperature flexibility are gen- 
erally extractable in fuel. For 4 
—40 F compound the swell-shrink 
range is generally not over 50 per 
cent of the original volume of the 
compound; that is, for a room tem- 
perature exposure the swell on fue! 
immersion may be +35 per cent 
and the shrink on drying might be 
as much as —15 percent. By add- 
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ing the extreme low temperature 
flexibility requirement the swell- 
shrink range would be greatly in- 
creased. To overcome this diffi- 
culty on O-ring seals a special AMS 
committee is testing —65 F flexible 
compounds and will establish a pro- 
curement specification covering the 
best possible combinations of these 
properties. The chemical and pe- 


troleum industries are developing | 


new non-extractable plasticizers for | 


this group of compounds. 


Design Applications: There is no 
“universal” compound which will 
meet all of the design requirements. 


Optimum performance in one re- 


quirement often must be sacrificed 


for serviceable requirements in an- | 


other. Therefore, the engineer must 
review his application with a thor- 
oughly critical eye to determine, 
first, what the part must do to 
function properly; second, under 
what conditions of exposure and 


third, what conditions it will be 
subjected to when not in actual op- 
eration. Sometimes this last fac- 
tor is the most important of the 
three, and this nonoperational con- 
dition will dictate the polymer that 
should be used. 


Installation Methods: The meth- 
od of installation of an elastomer is 
almost as important as the selection 
of the basic polymer. In fact, the 
selection of the polymer is often de- 
pendent on the attaching method. 
No matter how ingenious the de- 
sign, a part is worthless if it can- 
not be installed, or if it is weakened 
or broken during installation. 

Cementing is a commonly used 
technique for attachment. If a 
part is designed for cementing, no 
additional attachment is required; 


Everything 


4) 


e 


_ in Carbon but 


ay diamonds 


BRUSHES FOR ALL ROTATING ELECTRICAL 





EQUIPMENT CARBON, GRAPHITE and PRECIOUS METAL 


CONTACTS BATTERY caRsons gg BxaRinc MATE- 


| RIALS Vy BRAZING FURNACE BOATS 4 CARBON 


temperature it will operate; and | 


however, the cement joint is only | 


as good as the cleanliness of the 
surfaces before the application of 
the cement. 

Mechanical attachment is often 
used to supplement cementing, or 
may be used alone. Any device 
that overstresses the elastomer 


should be avoided, therefore slow | 


drawup fasteners are best. Screws, 


small cherry-rivets or rivet-nuts are | 
Drive or squeeze rivet- | 


excellent. 
ing damages the elastomers and the 


rivets soon work loose from cold | 
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For 
Design Engineers 


A HELPFUL 
NEW GUIDE 

TO SMALL 
INDUSTRIAL PUMPS 


This new Tuthill 
Catalog No. 101 on 
the Model L series of 
pumps presents the 
information you need 
for incorporating these 
dependable pumps 
into your equipment. It includes a special Pump Guide 
on Model L applications, plus complete 
specifications and performance 
data. Write for your 


copy of Catalog No. 101 today. 


Tuthill Model t Py 
LUBRICATING, H 
CIRCULATING and 


MPS are designed for 
YDRAULIC, TRANSFER 
BURNING OILS SERVICE. 


Tuya 


TUTHILL PUMP COMPANY 
Dependable Pumps since 1927 
939 East 95th Street, Chicago 19, Ill. 
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| the elastomer may result. 
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flow or compression set. The 
torque of screws or bolts is impor- 
tant for this same reason. A 60- 
durometer elastomer should not be 
subjected to more than 40 inch- 
pounds of torque, or extrusion of 


Explo- 


| sive rivets were tried on one tubu- 


lar seal, but proved to be too pow- 
erful, they blew a hole in the other 
side of the tube. They should be 
satisfactory on flat seals however, 
but screws would be better. 

A back-up strip should always 
be applied either under the head of 


| screws or the driving side of the 


cherry or rivnut. This strip can 
be thin aluminum, 0.016-inch or 
thereabouts. It distributes the load 


| of fastening over a larger area of 


the seal and provides support be- 
tween fasteners. Back-up strips 
can even be used inside of tubular 
sections with Trimount fasteners 
or other push-in-place attachments. 
Small Cherry-rivets, Rivnuts or 
similar blind fasteners are satisfac- 


| tory if the height of the fastener 
| inside the tube does not interfere 
with the deflection of the seal. 


From a paper entitled “Elasto- 


| mers—Rubber-Like Materials” pre- 








sented at SAE National Aeronautic 
Meeting in, Los Angeles, Calif., Oc- 
tober 1952. 


Magnetic Amplifier 
Development 
By R. A. Ramey 


Magnetic Development Section 
Materials Division 
Westinghouse Electric Corp. 
East Pittsburgh, Pa. 


Hy story of the development of 

magnetic amplifiers is surpris- 
ingly old. The first magnetic cir- 
cuits were invented somewhere 
about the turn of the century. 
References have been found in pat- 
ent literature dating about 1910 


| where the circuits in their origina! 
form were presented as components 


of systems. In 1916 magnetic am- 
plifiers were being used for, of al! 


| things, radio communication. The 


experiments of Alexanderson led 
to the development of units capable 
of modulation of 72 kw of radio 
frequency power. Alexanderson of 
course used rotating equipment 3° 
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for original equipment and fast field-repair 
— medium- and low-pressure service | 













Prevents leaks and blow-offs — exclusive patented grip gives extra 
safety, extra dependability, long life under severe service conditions. 


NEW! 


Expensive downtime eliminated — repairs made immediately on the y (e, > neeeaarcesadie 
job without special tools, a a 
; : a ANCHOR 
Easy to assemble — vise, oilcan, and wrench are the only tools needed SPLIT-FLANGE CLAMP 
to assemble couplings and hose, Positive leakproof connection without 
Pam i threaded joints. Bolt centers are located 
Reduces hose assembly inventory — carry one coil in hoze sizes you to distribute the forces evenly and 
prevent tilting of the clamp halves. 
use, and cut to lengths you need when you need them, Easy to assemble with small 


automotive-type wrench. 


Can be used over and over, 





Ample flow capacity. 0-15 
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Anchor Coupling Co. Inc. 
Dept. MD33, Libertyville, Ilinois 
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CL) Anchor Reusable Couplings for type QW hose 
() New Anchor Split-flange clamp-type coupling 
Send me details. 


Find out how Anchor reusable couplings for 
type OW hose save time, trouble, money. Attach 
coupon to your letterhead and mail today. 


Name Title 





ANCHOR COUPLING CO. INC. > 
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this time to produce carrier fre- 
quency. 

Basic Circuits: Circuitwise the es- 
| sential chronology of the develop- 
ment of magnetic circuitry is shown 
in the accompanying illustration. 
The series amplifier came first as a 
cross connection of two transform- 
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from Blueprint 
to Shipping Room — 


ACUSHNET Molded Rubber Parts are 
Engineered tor Dependable Performance! 


Every operation in the produc- 
tion of ACUSHNET precision- 
molded rubber parts is directly 
controlled by our Engineering 
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Staff. An uncompromising Quality 
Control System requires rigid 
laboratory tests and certified ap- 





proval at each stage of produc- 
tion before the job can be re- 
leased for the next operation. 


dig 


As a result, ACUSHNET parts 
cre known throughout industry 
for their efficient, trouble-free 











performance in the countless as- 
semblies of which they become 


integral members. | . ‘ 4 i 

When your molded rubber Li _.&* 
parts require engineered pre- i 3 forest 
cision — specify ACUSHNET. i 


























Send for your copy of the widely | 

used “Acushnet Rubber Handbook", a 

a comprehensive, practical rubber | J 
PROCESS COMPANY 2 ‘eference. | F 





Chronological development of mag- 
netic amplifier. Series amplifier, top, 
came first and was followed by the 
‘ ’ . a: external feedback type, mone 
ra : ee a Present type, bottom, employs a se! 
Address all communications to 762 Belleville Ave., New Bedford, Mass. pg oer oe cisonit , 
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ers. In this configuration, de cur- 
rent in the control winding regu- 
lates the flow of ac current in the 
load winding. One of the major 
drawbacks of this circuit is the re- 
quirement that the control ampere 
turns equal the load ampere turns. 
This is a major limitation to the 
possible gain which can be realized. 
A practical circuit might have a 
power gain of 10 to 100 with re- 
sponse time in the order of 5 to 50 
cycles of ac power; that is, perhaps 
a second with 60 cycle power for 
reasonable gain. The gains quoted 
would not be too hard to live with. 
The real killer is the slow response. 
An amplifier must respond rapidly 
in a control system to be effective. 
So a figure of merit has been de- 
vised—the ratio of gain to speed— 
which describes an amplifier’s per- 
formance. On this scale, the series 
amplifier may have a figure of merit 
of four. Gain and speed of re- 
sponse in magnetic circuits are in- 
verse functions; the higher the 
gain, the slower the amplifier. 

The next step in the development 
of these circuits was the external 
feedback amplifier. Here load cur- 
rent is rectified and sent through 
a control-connected winding pro- 
ducing the required control current. 
This resulted in a tremendous in- 
crease in the obtainable gain and 
had the effect of increasing the fig- 
ure of merit since the gain increase 
far exceeds the additional delay 
time. A figure of merit of possibly 
500 is available, using the best mag- 
netic materials and rectifiers in this 
circuit. 

The currently popular self-satur- 
ating circuit exemplified in the il- 
lustration gives the most effective 
design to date. In this type of cir- 
cuit, the control winding is practi- 
cally relieved of carrying ampere 
turns due to the load ampere turns. 
Only the magnetizing current, de- 
termined by the magnetic material, 
needs to be carried by the control 
connected windings. Here is a cir- 
cuit relatively cheap to fabricate 
Which gives excellent performance. 
The figure of merit of this configur- 
ation can be made well over 1000. 


Historical Background: We went 
into World War II hardly realizing 
that such equipment existed. The 
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You'll find it easy to do better work with 

Arkwright Tracing Cloth—and here are three 

specific reasons why: 

1 You can re-ink razor-sharp lines over any 
erasure without “feathering” or “blobbing”. 


2 You're never slowed down by pinholes, 
uneven yarns or other imperfections. 
3 You can always count on clean, 
clear reproduction—even years after 
Aa make the drawing. Arkwright 
racing Cloth is permanently 
transparent—won’t turn opaque, 
brittle or paper-frayed with age. 
They’re important reasons for putting 
your best work on Arkwright Tracing 
Cloth. Like a sample? Write 
Arkwright Finishing Co., Industrial 
Trust Bldg., Providence, R. I. 
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The schematic diagram shows an electrically-operated hy- 
draulic power system in which 17 universal rods and 18 
bevel-geared elbows were used to carry control from a 
remote point to the control gears of the hydraulic pumps 
and from these gears to the hydraulic motors. This set-up 
proved both costly and troublesome. The desired tolerances 
were difficult to maintain, and manufacturing and assembly 
operations were time-consuming and expensive. S.S.White 
engineers went to work on the problem and recommended 
the use of four standard 3” Senne S.S.White flexible 
shafts to replace the universal rods and the bevel-geared 
elbows. The result — a 100% improved application — a 
90% reduction in costs — and a vastly superior control 
set-up that easily provided the desired sensitivity. 


It will pay you to consider S.S.White flexible shafts on all 
your power drive and remote control problems — and 
to take advantage of the woulennl cooperation of 
S.S.White engineers in working out the most suitable 
application for your needs. 


260 PAGE FLEXIBLE SHAFT HANDBOOK 


Sent free if you request it on your business letterhead 


[2 i 
— ee DIVISION 
DENTAL MFG. CO. Dept. 4, 10 East 40th St. 
—y—_ NEW YORK 16, N. Y. 


Western District Office * Times Building, Long Beach, California 


























4 S.S.WHITE FLEXIBLE SHAFTS | 2°“ 


ermans had a slightly different 
viewpoint. They were preparing 
for war long before. They started 
in the early 1930’s to apply mag- 
netic amplifiers wherever possible 
to their war machine, realizing the 
inherent advantages that could be 
obtained. No notable changes were 
made in circuitry. It remained the 
same as originally invented in 
America. After the war this Ger- 
man equipment was examined. On 
their vessels of war, control panels 
were found which had been in- 
stalled on the ships when they were 
originally built in the thirties. The 
panels had never been opened, yet 
they functioned beautifully. This 
is startling when one considers the 
continuous need for service on elec- 
tronic equipment. Evaluation of 
the German equipment showed their 
performance to be not only medi- 
ocre, but relatively poor. 


Publicity Influential 


The publicity, however, which re- 
vealed the reliability, freedom from 
maintenance, and ruggedness of 
this equipment under extreme con- 
ditions, incited organizations to be- 
gin investigating magnetic ampli- 
fiers. The Armed Services, through 
their research laboratories, have 
greatly facilitated these studies. 
Particular credit is due the Naval 
Research Laboratory and the Nava! 
Ordnance Laboratory. 

Basically, these circuits consist 
of wires wound on iron cores and 
dry -disk rectifiers. Superficially, 
examination of such circuitry would 
indicate that nothing could possibly 
be wrong with it and it should be 
practically maintenance-free; |! 
should be able to withstand wide 
temperature ranges; and it should 
be proof against practically all en- 
vironmental difficulties. This is 4 
goal indeed when one considers that 
the electronic equipment it pro- 
poses to replace has a particular!) 
terrible maintenance record. 

From a paper entitled “The Inf! 
ence of Materials on Magnetic Am- 
plifiers” presented at the second 
editorial conference on Trends °/ 
Electric Power in Industry spon- 
sored by the Westinghouse Electric 
Corp. in East Pittsburgh, Pa., No- 
vember 1952. 
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Now Saves Money for Your Industry? 

* OW oaVveS Money fOr TOUT INGUStry ! 
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‘he Industrial Heating — This atomizer nozzle for oil Chatcinall x Wanatse pecitiben aieksiibbaees tor eull 

in Semnaces weed sags cc mentiining a aad ns road tank cars. It was cast in Monel® to resist corrosion 

er oe ee oe Manes rs mS ee by chlorine. Previous fabricating methods cost nearly 

On is used for corrosion and wear resistance and resistance oe eg ’ 

els to steam erosion. 

na Power Equipment — If these carbon 

“1 steel parts for the trigger mechanism Instrument Manufacturing—This gy- 

ne on power tools were machined, a roscope gimbal is precision cast in 

ret year’s supply would have to be made. carbon steel to insure strength. It 

_ Parts are now made by precision cast- would be impractical to die cast this 

he ing in monthly quantities and at a hard metal. 

ps saving. 

eir Electrical—Here’s a carbon jaw for a motion 

i. Aeronautical — Power recovery buckets picture projector. It’s made of nickel to resist 
are precision cast of cobalt alloy to pro- spark erosion and give long service life. Sav- 
mote strength and resistance to exhaust ing of scrap metal by precision casting makes 
gases. This alloy has a Rockwell C hard- possible the use of this higher alloy at little 
ness of 27 and would be extremely costly additional cost. 

= to fabricate. 

ym 

of Food Processing — This collet spreader for Surgical Equipment — Another example of 

~ a liquor dispenser is precision cast of how precision castings save high machining 

m Inconel® to prevent metallic pick-up from costs in this stainless steel lug for stomach 

li- causing discoloration of the liquor. If made suturing apparatus. 

sh by machining methods the cost would be 

a much higher. 

a Sporting Goods — This little gadget would be 

al Gun Manufacturing — This cartridge stop prohibitively priced if made by conventional 

- for a shot gun is made of tool steel for wear methods. It’s a pick-up finger for a fishing reel 

resistance. Precision casting was used to save and is precision cast of “H”® Monel to resist 

st the high cost of machining. corrosion by sea water and air. 

nd | 

y, 

ld These examples show a few of the many places precision investment 

ly SOME ALLOYS PRECISION castings are used. 

bi CAST BY INCO They can save as much as 50 percent of production cost. They reduce 

it Nickel-Base Alloys machine shop bottle-necks, make possible use of extremely hard 

de Ferrous Alloys metals, permit production of designs impossible to fabricate by other 

Id Austenitic Stainless Steels methods and frequently lend to economies through re-design. Since 


Martensitic Stainless Steels 

Ferritic Stainless Steels 

. Carbon Steels 

= ¢ aan a pd Whenever you have a part which is 6” x 5” or smaller, weighs under 

=f nee 3 lbs., requires tolerances as close as plus or minus .005” per linear 

inch, and would need 5 or more fabrication steps, there is a good 
. . . . P 8 

chance you can cut costs by having it precision cast. 


they reduce metal scrap, they often permit the use of a higher alloy 
which otherwise would be too costly. 











For more information, write for your free copy of “Investment Cast- 
ing—Its Advantages and Practical Applications.” The International 


Nickel Company, Inc., 67 Wall Street, New York 5, N. Y. 


7 dif, 
. Inco Castings PRECISION, SAND, CENTRIFUGAL 
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PALMYRA, NEW YORK 


The Garlock Packing Company 
of Canada Ltd., Toronto, Ont. 


FOR ROTATING PUMP SHAFTS 





A Sleeve Drive 
Balanced 
“O” Ring Seal 


Simple in Design, 
Leakless in Operation 


Co cnoes “O” Ring Mechanical Seals are made with a mini- 
mum of parts. This simplicity of design affords easy manufacturing 
adaptability of a Garlock “O” Ring Seal to withstand any liquid, 
whether mild, harmfully corrosive or extremely hazardous, on 
rotating pump shafts. The Garlock “O” Ring Balanced Seal will 
hold pressures up to and over 1000 p.s.i. 

The “O” rings are available in “Teflon,” Buna-N, Neoprene or 
Silicone. The metal parts contacting the liquid are available in any 
suitable metal. 

On centrifugal pumps handling chemicals, petroleum products, 
edible liquids, pulp liquors, and many other liquids Garlock “‘O” 
Ring Mechanical Seals are giving outstanding service. 

For positive sealing, easy installation and trouble-free service 
use Garlock “O” Ring Mechanical Seals on your rotating pump 
shafts. Write us about your sealing problems or contact your 
Garlock representative. 


THE GARLOCK PACKING 


COMPANY 


In Canada: 


GARLOCK 


PACKINGS, GASKETS, OIL SEALS 
MECHANICAL SEALS 
RUBBER EXPANSION JOINTS 























Gorlock O-Ring Soap y Mer, 


Heating and Ventilating 


Air Conditioners: Two room type 
models, one for floor and another 
for ceiling mounting, for use with 
central systems. Units heat or cool 
with water piped from a central 
source; are available in capacities 
of 200, 400 and 600 cfm. Direct 
expansion units also available as 
well as window type models in *%4 
and 1-hp sizes which feature one- 
dial control, directional air flow 
and automatic step-down control 
for night operation. Worthington 
Corp., Harrison, N. J. 


Portable Heaters: Direct heat 
across floor and ground areas. 
Model L has tank, burner, blower 
and pump; requires no chimney. 
Model H may be used unvented or 
connected to a chimney. Output of 
each model is 175,000 Btu. Units 
can be adapted to circulate cool air 
by changing position of blower. 
Mortemp Heat Machine Co., Seattle, 
Wash. 


Materials Handling 


Fork Lift Truck: Gas powered, 
pneumatic tired; has 10,000-Ib ca- 
pacity at 24-in. load center. De- 
signed for heavy-duty high tiering 
under difficult outdoor conditions. 
Has 133-in. turning radius, hydrau- 
lic steering. Honed cylinder sur- 
faces, double-acting tilt cylinders, 
piston type hydraulic system, rub- 
ber dust boots. Overall height, 113 
in. with fork lowered, 178 in. max- 
imum with forks raised to 144 in. 
Clark Equipment Co., Industrial 
Truck Div., Battle Creek, Mich. 


Overhead Carrier: Load capacity, 
3 tons. Equipped with lever-oper- 
ated hydraulic cell scale which car- 
ries the upper hoist block. Load 
pressure is transmitted from cell to 
scale dial by hydraulic tubing. 
Travel speed of carrier is 300 fpm: 
hoist speed is 38 fpm; lift is 36 ft. 
Both travel and hoisting motors 
have variable-speed controllers. 
Hoist controller is designed for dy- 
namic lowering. Limit switch per- 
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mits travel only when load block 
is in high position, assuring clear- 
ance through openings of limited di- 
mensions along travel route. Cleve- 
land Tramrail Div., Cleveland Crane 
& Engineering Co., Wickliffe, O. 

Material Handling Truck: Light- 
weight ‘“Xpediter” designed for 
handling boxes, barrels, castings, 
machined parts, etc. Can be used 
on elevators and floors where heavy 
units cannot operate. Driver rides 
on pedal platform. Available in 
six models, with hydraulic and 
manual lifts, to handle loads up to 
800 Ib on a 12-in. load center. Will 
operate in 56-in. aisles; turns in 
68-in. radius. Kalamazoo Mfg. Co., 
Kalamazoo, Mich. 


Load Pusher: Attachment for 
fork trucks designed to handle 
bulky, unpalletized loads. Loads 
highway carriers unable to accom- 
modate fork trucks because of floor 
load capacities or limited clearance. 
Installation on a fork truck reduces 
load capacity only about 10 per 
cent. Available on lift trucks hav- 
ing capacities from 2000 to 6000 
pounds. The Baker-Raulang Co., 
Baker Industrial Truck Div., Cleve- 
land, O. 


Metalworking 


Tool and Cutter Grinder: Sterling 
Model “G” has cast base which is 
designed to dampen vibration. 
Wheel head rotates 360 degrees; 
work table swivels 180 degrees. 
Swing over the table is 10% in. 
Maximum distance between centers 
with left or right-hand tailstock is 
27 in. Controls are located so that 
machine can be operated from 
front, left or right-hand sides. 
Available in both plain and uni- 
versal machines. Universal ma- 
chine features power table traverse 
and automatic table infeed. Mc- 
Donough Mfg. Co., Eau Claire, Wis. 

Band Saw: Zephyr Model CO-36 
for heavy-duty cutoff work. Will 
handle ferrous or nonferrous met- 
als in all shapes including plate, 
structural, ingot, slab, pipe, extrud- 
ed or rolled forms. Saw blade is 
twisted 90 degrees from conven- 
tional position at the work table; 
work is fed to blade from front of 
machine. Throat capacity does not 
limit length of stock that can be 
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V check the price 
V check the analysis 
WV check the performance 


and you'll specify 
MUELLER BRASS CO. 


tut-stut 


aluminum bronze 







check the price—Tur-Stur, the Mueller Brass Co. 
series of aluminum bronze alloys, can be supplied at 
prices below those of similar alloys. Whether 
you buy Tur-Stur in rod shapes, forgings or 
screw machine products you'll save money because 
these alloys are priced right, machine better and 
last’ longer. 


check the analysis—Tur-Stur alloys are a high 

copper base series containing from 9% to 13% 
aluminum and varying amounts of iron, nickel and 
manganese. They do not contain zinc and, there- 
fore, are not subject to dezincification. Tur-Stur 
alloys are available in several grades with a 
chemical composition, suitable hardness and 
mechanical properties for many different applications. 


check the performance—TUF-STUF alloys are light 
and strong—about 8% lighter than cast bronze 
and almost as strong as steel. They have a low 
coefficient of friction as well as good bearing and 
mechanical properties. They not only retain 

these properties but resist oxidation at the high 
speeds and high temperatures of modern production 
equipment. They will withstand strong acid attack 
or the effects of brackish waters and are highly 
resistant to corrosion. 


These alloys can be hot-forged into relatively 
intricate shapes... need little or no machining . . . 
and the smooth, bright surfaces eliminate 

costly finishing. 


MUELLER BRASS CO. 


‘PORT HURON 15, MICHIGAN 


For complete information, write 
today for our new TUF-STUF 
Engineering Manual. 



































FREE on request... bulletin on com- 
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Air or hydraulic... 


big... 


...Anker-Holth matches 


your cylinder needs exactly 


@ When you bring your power cylinder problems to Anker-Holth, 
you get the engineering assistance of cylinder specialists . . 
by our modern manufacturing facilities. There is no 
compromise. If it takes a special cylinder—regardless of size or 
type—you get the right power cylinder for your specific 
requirements . . . air or hydraulic. 


Call or write for this help today. Anker-Holth Division of 
The Wellman Engineering Company, Dept. A-1, 
2723 Conner St., Port Huron, Michigan. 





plete line of Anker-Holth products. Division of THE WELLMAN ENGINEERING COMPANY 
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cut. Machine converts to conven- 
tional high or low speed, straight 
or contour sawing. Accommodates 
15%-in. work thickness under saw 
guides and 914 in. thickness at the 
column. Hydraulically powered 40 
by 48-in. work table can handle up 
to 2000 Ib. Tool speed range from 
40 to 10,000 fpm is provided by a 
three-speed transmission and 10-hp 
variable speed drive. High-speed, 
friction or conventional low-speed 
sawing is possible. Other features 
include automatic floating-disk hy- 
draulic brakes; job selector, band 
speed and tension indicator dials; 
air pump and chip blower; double- 
row ball-bearing high-speed saw 
guides; replaceable insert type 
guides for conventional contour 
sawing. Special clamping vise is 
provided for T-slotted work table. 
The DoAll Co., Des Plaines, Iil. 


Hydraulic Gap Presses: New line 
of electrically- powered presses 
available in 11 standard forcing 
models and 11 standard straighten- 
ing models with capacities ranging 
from 15 to 300 tons. Straightening 
presses have a self-contained power 
unit and adjustable stroke control. 
Combination hand and foot lever 
provides sensitivity which permits 
operator to apply any pressure up 
to maximum by increasing pressure 
on control valve. Forcing presses 
have two-speed ram advance and 
extra large table. Stroke can be 
preset for both directions by an 
adjustable stroke limit cam. Dake 
Engine Co., Grand Haven, Mich. 


Punch: No. 10 Guillotine plate 
and angle punch for punching an- 
gles, webs of sections or flat plates. 
Capacity is 250 tons. Distance be- 
tween housings is 74 in.; ram is 72 
in. long, 24 in. wide. Ram stroke 
is 214 in. Beatty Machine & Mfg. 
Co., Hammond, Ind. 


Bending Rolls: All steel; pro- 
duce cylinders from thinnest sheets 
to maximum capacity. Can also 
roll bends in various shapes includ- 
ing oval forms, rectangular pipes, 
rounded-end containers and cones. 
Pinch type construction reduces flat 
spots on leading and trailing edges 
of work. <Air-operated drop end is 
controlled by a two-position valve. 
Upper roll automatically tilts for 
removal of rolled cylinder. Power 
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adjustment for rear roll allows op- 
erator to move roll to proper posi- 
tion for producing any desired ra- 
dius of curvature. Roll position in- 
dicators permit duplication of roll 
setting for repeat jobs. Magnetic 
brake on main motor prevents 
“drifting” of work, permits rapid 
reversal and positive jogging of 
rolls. Rolls are made in three 
sizes, with capacities of 5/16 by 
48 in., 3/16 by 72 in. and 12 gage 
by 120 in. Niagara Machine & Tool 
Works, Buffalo, N. Y. 


Turbine Blade Grinder: Double- 
spindle machine rough grinds paral- 
lel ends of turbine blades. Machine 
consists of heavy cast iron base 
supporting two grinding heads 
upon dovetailed slides operating on 
ball-bearing ways. Rotary attach- 
ment carries work carrier having 
approximately 26 slots into which 
the turbine blades are loaded man- 
ually. Chain hold-down attach- 
ment holds workpieces in carrier 
during grinding operation. Pieces 
unload automatically after leaving 
hold-down. Production rate is 20 
to 25 pieces per minute, removing 
1/16-in. maximum stock per end. 
Gardner Machine Co., Beloit, Wis. 


Boring Machine: Specially built 
for the complete machining of a jet 
engine compressor case. Two-piece 
design. Boring bar is rigid with a 
temporary support during loading. 
Tool slides are mechanically actu- 
ated and hydraulically controlled. 
Both halves of the housing are 
clamped in the fixture by a series 
of self-locking, spring - loaded 
blocks. Carriage advances work 
over boring bar, which is inserted 
in an outboard support bearing and 
the temporary support retracted. 
Cylindrical, tapered or combined 
bores and end faces, T-slots and 
other grooves can be machined. 
Morey Machinery Co. Inc., New 
York, N. Y. 


Carbide Tool Grinder: Uses spe- 
cial Dynatomic grinding fluid which 
reduces normal heat generation. 
Consists of high-speed spindle hous- 
ing mounted on iron base. Spindle 
Sleeve is spring suspended and ro- 
tates in gyroscopic float at operat- 
ing speeds. Grinding wheel is of 
Semisegmental ring shape, grinding 
on the front face. It mounts on 
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World’s most powerful qualified turbojet 
conserves lubricating oil with high-efficiency 
mechanical shaft seals 


It’s the Westinghouse J40 turbojet aircraft engine — capable of 
developing thrusts equivalent to approximately 25,000 HP at today’s 
jet flight speeds. Among its many performance “firsts”, this engine has 
established an outstanding record in conservation of lubricating oil — 
actually cutting allowed oil consumption by 93%. 

Sealol is proud that Westinghouse Electric Corporation incorporated 
Sealol Seals into this powerful turbojet engine which drives the McDonnell 
F3H “DEMON” and the Douglas F4D “SKYRAY” among others. 

Sealol has specialized in the design and manufacture of seals tor 
unusually rigorous operating conditions. These include processing tank 
agitator shafts, high pressure hydraulic pumps, process pumps in chemical 
and refining industry, centrifugal compressors and blowers, etc. 

If you have a shaft-sealing problem, consult Sealol. Send blueprints 
and specifications to our engineering department — Sealol Corporation, 
45 Willard Ave., Providence 5, R. |. 


CHICAGO * CLEVELAND © LOS ANGELES * PHILADELPHIA 
(In Canada: Lyman Tube and Bearings, Ltd., Montreal, Toronto, Winnipeg) 








Bellows Digest 


No. 2 Vapor Pressure Bellows System 
for Temperature Control commonly used 
for thermostatic devices requiring close 
temperature control 





2) CONDENSED 
LIQUID IN BULB 
VAPORIZES ~ 
GENERATING 

VAPOR PRESSURE 


es 








GIVING OFF HEAT TO BULB 








USED FOR THERMOSTATIC CONTROL OR INDICATION, the 
vapor-actuated bellows assembly above regulates refrigerator 
temperature. A similar system is available to control heating 
systems and can be made “fail safe” to prevent overheating if 
control fails. The system shown meets conditions in which bulb 
is always colder than bellows and capillary. Other systems avail- 


1/COLD OBJECT WARMS UP, 


3)VAPOR PRESSURE 
IS TRANSMITTED 
THROUGH TUBE 

XX. TO BELLOWS 


SN 


4) AS VAPOR 
PRESSURE 
RISES, 
BELLOWS 
EXPANDS, 
CLOSING 


TK irda ardich are wale) | 


SWITCH 











able where bulb is warmer than bellows and capillary. A third 
system meets either condition—bulb colder or warmer than rest 
of system. Adjustment, generally obtained by spring-loading 
against pressure developed by bellows, is commonly limited toa 
lower range than liquid-filled systems, but sometimes allows a 
narrower differential. Only short bellows travel is required. 


CLIFFORD VAPOR PRESSURE BELLOWS 
ASSEMBLIES have gained wide acceptance 
among refrigerator manufacturers. West- 
inghouse and other leading makers de- 

nd on these positive-acting components 
or the close temperature control essential 
to modern refrigeration. 


MAYBE YOU, TOO, CAN BENEFIT from the use of Clifford 
Hydron Bellows Assemblies. Besides controlling tempera- 
ture, these flexible, leakproof, metallic bellows are also used 
to: (1) seal rotary shafts or packless valves against liquid or 
gas leakage; (2) transmit motion hy- 
draulically to remote points; (3) pro- 


ALL TYPES OF DIESEL ENGINES, station- 
ary and automotive, as well as truck and 
passenger car gasoline engines, are fitted 
with thermostats embodying Clifford 
vapor-actuated bellows assemblies. Sim- 
plicity, dependability and easy installa- 
tion are major advantages. 


vide for thermal expansion in many 
types of applications; (4) provide 


FREE! BELLOWS TEMPLATE KIT 
Trace 20 most popular bellows sizes 
... fast... accurately. Kit, in 
handy cardboard envelope, includes 
full directions and details of Clifford 


bellows. Simplify tedious jobs —send 


METAL BELLOWS 


for your Kit today. 


TEMPERATURE REGULATORS made by 
Kaye & MacDonald, Inc., are used in 
water heating or cooling tanks, steam 
cookers, acid baths, glue heaters, bottle 
washers, tempering baths, other equip- 
ment. Clifford vapor pressure bellows 
assemblies are the actuating elements. 


shock mountings or vibration dampening; (5) permit 
motion in a vacuum. 

Write Clifford Manufacturing Company, 124 Grove 
Street, Waltham 54, Massachusetts. Division of Standard- 
Thomson Corporation. Sales offices in New York 17, Detroit, 
Chicago 1, Los Angeles. 


CLIFFORD 


EXCHANGERS 
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spindle nose and is encased in a 
steel clamp ring. Spiral teeth on 
periphery of clamp ring draw grind- 
ing fluid back to tank. Features 
include elimination of diamond 
wheels, simultaneous rough and fin- 
ish grinding or shank steel and car- 
bide grinding, easy operation. Dy- 
natomic Corp., Chicago, Il. 


Contour Shear: Tru - Edge ma- 
chine for inside cutting, beading 
and forming sheet steel. New 
shearing principle eliminates re- 
sistance to feeding and turning 
work. Feeding of material may be 
started while ram is operating. In- 
side cutting requires no starting 
holes, thus eliminates preliminary 
operations. Unusual cam operation 
eliminates vibration. Material is 
sheared instead of punched to pro- 
vide smoothly cut edge. Adjustable 
bottom shearing die accommodates 
various thicknesses of material. 
Shearing capacity is up to 10 gage 
mild steel and 11 gage stainless 
steel. Cuts from 10 to 36 fpm, de- 
pending on gage and material. 
Throat depth of 48 in. can be in- 
creased by arranging centers out- 
side throat. Wales-Strippit Corp., 
North Tonawanda, N.Y. 


Drilling Machine: Redesigned 
two-spindle, 20-in. swing Model 
MC-20 has sturdier column and 
heavier base. Capacity is 114-in. in 
mild steel. Dial indicator which 
facilitates selection of geared power 
feeds increases operator efficiency. 
Spring-loaded lever for changing 
the eight spindle speeds from 65 
to 1360 rpm reduces operator time. 
Sibley Machine & Foundry Corp., 
South Bend, Ind. 


Packaging 


Automatic Filling Scale: De- 
signed specifically for use with 
resins, clay, powders and other 
light, difficult-to-handle materials. 
Model 600G automatically holds, 
fills, checkweighs and releases up 
to six full bags of material a min- 
ute within weight tolerances of +2 
oz or less for any desired weight 
from 25 to 200 Ib. Features air- 
operated bag holder, shockproof 
leverage system and a combination 
gravity and rotary feeding system. 
When feeding operation begins, 95 
per cent of material to be weighed 





the COPYFLEX 93 


Whiteprinter...” 


says Dana H. Bennett 







as the Top 







Bruning Drafting Room Specialist 


“Yes, wherever I’ve sold a 
COPYFLEX 93—and I’ve sold plenty 
of them—engineers and draftsmen tell 
me there’s nothing like it for speed- 
ing prints. They find it the finest 
heavy-volume whiteprinter available. 
They’re pleased with its continuous 
high-speed production of top quality, 
dry, ready-to-use prints from either 
sheets or roll stock. Its vacuum feed 
permits easy insertion of curled orig- 
inals. On top of this, the ‘93’ needs 
no expensive ventilation system or 


From Pencil to Print, only 
BRUNING has everything 


COPYFLEX Whiteprinters 
Drafting Machines 
Tracing Papers and Cloths 
Surveying Equipment 
Drafting Furniture 
Drawing Instruments 
Sensitized Papers, 
Cloths, Films 
Electric Erasers 
Complete Line of Supplies 
and Equipment 


CHARLES BRUNING COMPANY, INC. | 
Dept. K33 4700 Montrose Ave., Chicago 41, Ill. 
(0 Please have a Drafting Room Specialist call. | 
(0 Send me free booklets on COPYFLEX. | 
(C0 Show me COPYFLEX in action | 
(no obligation). 
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— —- OFFICES IN PRINCIPAL CITIES -—— — 









plumbing. Furthermore, it’s just one 
of a complete line of Copyflex ma- 
chines to meet any price or volume 
requirement.” 

From prints to pencils, Bruning- 
trained men like Mr. Bennett can fill 
every drafting requirement. You re- 
ceive “in-person” attention to your 
needs and fast service on all kinds of 
drafting room equipment to help you 
turn out better work in less time at 
lower cost. Send coupon today for 
more facts and figures on Copyflex. 


CTTLILTS 


Everything for the Engineer and Draftsman 














Tailored Heat For Every Industrial Use 


TRS 



















ALVAIR'S Yay 


) BG 


SOLENOID PILOT 
Air Control VALVE 


SMALL ONLY IN SIZE, 
) LARGE EVERY OTHER WAY! 


Over 20,000,000 cycles 
of life may be confident- 
ly expected. We believe 
this valve to be the most 
tugged ever offered in 
its class. Valvair’s method of sealing prevents wear on seats. 
Models include 2-way and 3-way either normally open or 
normally closed. Orifice sizes: 1/16", 3/32", 1/8"; 1/4” 






pipe tap. Maximum current consumption — 10 watts. For 
air, water, vacuum, oil or inert gases. 
Get new Bulletin ‘‘MD-3’’. 
Affiliate: Sinclair-Collins Valve Co. 


VALVAIR CORPORATION 


REPRESENTATIVES IN PRINCIPAL CITIES 


Wattle CARTRIDGE HEATERS 


Flexible leads or rigid terminals. 
Diameters ¥," to 1 5/16”, lengths 1,” 
to 20”. Capacities 50 to 1500 wotts. 


Watlow STRIP HEATERS 


Straight or curved design. Widths 7/,” 
and over, lengths to 72”. Post, button 
and bracket type terminals and flexible 
leads. 


Wattow \MMERSION HEATERS 


Straight or curved. Diameter 3/,” to 2”, 
lengths 6%" to 67”, capacities 150 to 
10,000 watts. 


Watlow CYLINDRICAL HEATERS 


Patenfed clamping band. Widths 1,” 
to 2”, diameters 1%,” and up. Wott 
densities up to 45 watts / sq. in. 


Watlow HOT PLATES 


Polished steel heating surfaces. Port- 
able or flush es 3-heat switch 
for 550°F. to 750°F. 


Watlow THERMOSTATS 


Temperature range 100°F. to 550°F. 
Built-in double pole on-off switch. 
Capacities 125V, 35A, 4375 W; 250V, 
25A, 6250 W. 








Since 1922 —Designers ond Manu- * 
facturers of Electric Heating Units 






1384 FERGUSON AVE. 








953 BEARDSLEY AVE., AKRON 11, O. 
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is fed into the bag by gravity and, 
if necessary, compressed air. Re- 
maining 5 per cent is then fed slow- 
ly by a positive feed device until 
the bag reaches predetermined 
| weight. Feed gate then automat- 
ically seals tight and checkweigh- 
ing lights indicate that the bag is 
filled. Bag holder design provides 
space above bag for use when fill- 
ing with materials which must be 
aerated. Overall dimensions of 
scale and feeder, 2 by 2 by 3 ft. 
Thayer Scale and Engineering 
Corp., Rockland, Mass. 


Semiautomatic Weigher: ‘Clip- 
per” accommodates 2-o0z to 114-lb 
packages; is accurate to within 
1/32 oz on 4 oz or less, within 1/16- 
oz on larger weights depending on 
materials. Feeder is equipped with 
dialspeed control; provides uniform 
flow of material. Material to be 
weighed is placed in supply hopper, 
switch is turned on, valve gate is 
opened manually, and material 
flows into weighing bucket. When 
desired weight is in the bucket, flow 
automatically cuts off, material is 
dumped, and weighing of a new 
charge begins. Size, 48 in. high; 
base, 15 by 15 in. Hannconn Ma- 
chine Co. Inc., New York, N. Y. 


Plant Equipment 


Gas-Oil Burner: Closed-flame unit 
features increased burning effici- 
ency and simplified installation and 
servicing. May be used with any 
gas or oil fuel for firing industrial 
furnaces, ovens and process equip- 
ment in the operating range be- 
tween 200 and 2400 F. Nozzle mix- 
ing principle employs a dual atom- 
izing oil tip. Secondary air meets 
gas or oil mixture in both a con- 
verging and rotating pattern, pro- 
moting atomizing efficiency at noz- 
zle exit. Rotating main combus- 
tion air casting permits adjust- 
ments for any desired alignment of 
piping. Burner has high discharge 
capacity and low turndown range. 
Eclipse Fuel Engineering Co., Rock- 
ford, Il. 


Compressed Air Filter: Mode! B- 
30-D Condensifilter dehydrates and 
filters ordinary plant air. Made of 


wire mesh to which flannel is at- 


tached, cartridge is of radial fin de- 
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Specify POPE Precision Grinding Spindles and be 
certain of continuous production of finely finished parts. 


Look at the pair of thrust bearings. They eliminate 
any endwise movement of the shaft in either direction. 


Look at the double row cylindrical roller bearings. 
They have the rigidity to properly support the wheel 
for removing metal faster while producing 

fine surface finishes. 


Lubrication — POPE System — requires no attention 
for the life of the bearings. 


de, - 

25 a7 

P-2500 hh. 
=. 
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Shectfy p t p E POPE MACHINERY CORPORATION 


PRECISION SPINDLES 
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REVOLUTIONARY 


Sier-Bath 


Flexible 


= a Wai. 
= = + Kos: 











pecial Tools Req 





Pee 


Shows How 
Sier-Bath Couplings: 









Allow more compact designs 








Cut assembly costs 


¢ Slash down-time 


Eliminate corrosion problems 


Reduce power costs, 
wear on equipment 


A, Shows and Explains revolutionary de- 
Simple, Powertul 26) sign, cost-cutting advantages, numer- 
ous applications . . . gives complete 


Only 7 Parts _- engineering data. 


Standard Types. Provides plan draw- 
ings, specifications on all standard 

~ Assembled, types (below), sizes 7 to 6, HP 4 to 
Uncoupled in Seconds 600 per 100 RPM. 


NY 





Special Types. Shows plan drawings, 
descriptions of popular special types— 
lists others. Sier-Bath’s simplified 
design is adaptable to “‘specials’’ at 
low cost. 


Send for COUPLING CATALOG 
or ask your Sier-Bath Distributor 


Sier-Bath GEAR & PUMP CO.., Inc. 


3/5 Usual Size, 1/2 Usual Weight 9245 Hudson Bivd., North Bergen, N. J. 





Founded 1905 Member A.G.M.A. 
Standard Mill Motor Vertical Shaft Floating Shaft 


Also manufacturers of Precision Gears Screw, ""Gearex'"’ and ‘‘Hydrex"’ Rotary Pumps 
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sign and provides over 540 sq in. of 
filtering area. Condensing unit 
provides greatest possible heat ex- 
change area. As air passes over 
400 sq in. surface area of con- 
denser, its dew point is lowered to 
within 2 or 3 degrees of the cool- 
ing water temperature. Accumu- 
lated condensate is discharged 
through a trap valve, which is de- 
signed to prevent leakage or pres- 
sure loss even after long use. Rated 
capacity is 30 scfm at 100 psig. 
Hankison Corp., Pittsburgh, Pa. 


Electric Plant: Air-cooled “CW” 
model is gasoline powered; avail- 
able in 5000 and 10,000-w capaci- 
ties. Vacuum cooling system em- 
ploys centrifugal blower which 
draws cold air through generator 
and over engine and at the same 
time discharges heated air out of 
an 8 by 12-in. side vent. Features 
economy of operation, durability 
plus high output, simplicity of in- 
stallation and maintenance, maxi- 
mum safety. Requires less than 1 
cu yd of space. D. W. Onan & Sons 
Inc., Minneapolis, Minn. 


Vacuum Pump: Model G Micro- 
vac for high-vacuum evaporation 
of metals and metallic salts, evac- 
uation of electric light bulbs, high- 
vacuum sealing of containers, etc. 
Features shaft seal installed to 
minimize maintenance. No stuffing 
boxes, valves or adjustments are 
necessary. Lubrication is com- 
pletely automatic. Valve _ stops 
prevent springs from reaching coil- 
to-coil compression at any time. 
Side intake acts as baffle action 
against entering solids. F. J. Stokes 
Machine Co., Philadelphia, Pa. 


Processing 


ID Hole Quencher: Completely 
automatic. Heated die blank is 
placed into position on anvil and 
air-operated rams contact above 
and below, holding a fitting tightiy 
against die. When proper contact 
is made, brine or other solution is 
pumped through die hole. When 
quenching is completed, a kick-out 
ram automatically pushes blank in- 
to tank for overall cooling. All tim- 
ing, temperature and pumping 0p- 
erations can be set on a predeter- 
mined cycle. Can handle from 
1/16 to 3-in. ID holes in blanks *; 
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REMARKS What's your tubing problem? 
Are competitors gaining an edge while you 
iron out design or fabrication kinks? Are 
unexpected tubing failures eating into 
profits? Skilled Bundy engineers can help 
solve that design or fabrication problem; save 
time, materials, money. And dependable 
Bundyweld Tubing will help eliminate those 
annoying, sometimes costly, failures. 





today for catalog or for help on 
your tubing idea or problem. 








Leakproof Lightweight 


High thermal conductivity Machines easily 
3 = High bursting point Takes plastic coating 
High endurance limit Scale-free 
U n We U | n Extra-strong Bright and clean 
Shock-resistant No inside bead 
Ductile Uniform 1.D., O.D. 





DOUBLE-WALLED FROM A SINGLE STRIP 
WHY BUNDYWELD IS BETTER TUBING 








< 


NOTE the exclusive 
patented Bundyweld 
beveled edges, which 
afford a smoother joint, 
absence of bead and 
less chance for any 
leakage. 


ia 


7 





Bundyweld Starts as continuously rolled passed through a fur- Bundyweld, double- 
a single strip of twice around later- nace. Copper coat- walled and brazed 
copper-coated steel. ally into a tube of ing fuses with steel. through 360° of wall 
Then it’s . . . uniformthickness,and Result... contact. 


Bundy Tubing Distributors and Representatives: Cambridge 42, Mass.: Austin-Hastings Co., inc, 226 Binney St. * Chattanooge 2, Tenn.: Peirson-Deakins Co., 823-824 
Chattanooga Bank Bldg. @ Chicago 32, Ii: Lapham-Hickey Co., 3333 W. 47th Place @ Elizabeth, New Jersey: A.B. Murray Co., Inc., Post Office Box 476 e Philadelphia 3, Penn.: 
Seton & Co., 1717 Sansom St. ° San Francisco 10, Calif.: Pacific Metals Co., Ltd., 3100 19th St. * Seattle 4, Wash.: Eagle Metals Co., 4755 First Ave. South 

erento 5, Ontario, Canada: Alloy Metal Sales, Ltd., 181 Fleet St., E. ¢ Bundyweld nickel and Monel tubing is sold by distributors of nickel and nickel alloys in principal cities. 
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ENGINEERING 
LEADERSHIP 
TO BRING YoU 
BETTER FABRICATED 

_ TEFLON PARTS | 


Since the very inception of Teflon, “John Crane” 









to develop its possibilities for manu 





ee vi 


“JOHN CRANE” TEFLON parts can be to your specifi- — 
cations. Investigate now. Let us know your requirements. Send for | 
+ eat our 12-page illustrated catalog. Crane Packing Company, 
1825 Cuyler Avenve, Chicago 13, illinois 
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CRANE PACKING COMPANY 
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to 8-in. OD and from 1/16 to 6 in. 
long. The Palmer Mfg. Co., Cleve- 
land, O. 


Die-Casting Machine: For up to 
114-lb zinc castings. Features elec- 
tronically controlled panel, 10 by 
10 by 2%-in. die blocks, four tie 
bars, semiautomatic cycling with 
adjustable timing dwell on opening 
and closing of toggle. Air oper- 
ated; is capable of a free cycling 
speed of over 1000 shots per hour. 
ABC Die Casting Machine Co., Chi- 
cago, Ill. 


Production Dipping Tanks: For 
hot-dip protective coatings. Five 
standard models range in size from 
8 by 4 by 6 in. up to 13 by 6 by 18 
in. Oil jacket is unnecessary be- 
cause of positive agitation created 
by impeller agitator and special 
heating elements which radiate 
heat to sides of tank. Rapid heat- 
ing and cooling is possible. Posi- 
tive agitation eliminates surface 
congealing caused by ambient air 
and maintains transparency and 
color over longer periods. Melting 
time is less than 2 hrs on a 44-lb 
capacity tank. Tanks are available 
in a range of capacities from 6 to 
1225 Ib of plastic per load and can 
process as much as 2500 Ib per 
eight-hour shift. Globe Imperial 
Corp., Rockford, Ill. 


Centrifugal Casting Machine: 
Vertical, four-spindle, turntable 
type semiautomatic machine for 
making steel castings. Can also be 
used for ferrous and nonferrous 
castings in sand or permanent 
molds. Automatically indexes 90 
degrees and stops. As spindle ap- 
proaches pouring station it auto- 
matically comes up to spinning 
speed, metal is poured and a push- 
button operated to initiate indexing 
for the next 90 degrees. Poured 
mold spins until metal has solidified 
and is braked to a stop at casting 
removal station. Spindle then con- 
tinues around to the next station 
where it is loaded with a mold, 
ready for pouring. Turntable is 10 
ft in diameter. Each spindle is 
driven by a 5-hp, variable-speed 
motor with brake. Centrifugal 
Casting Machine Co., Tulsa, Okla. 


Semi-Portable Degreaser: VS Jr 
model designed to clean smali and 
medium sized parts; can degrease 
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National Laminated Plastics 
nationally known—nationally accepted 















































The Kyle Automatic Oil Cir- 
cuit Recloser utilizes stringers 
made of Phenolite tubing, anda 
postformed Phenolite contact 
frame. Kyle selected Phenolite 
because it is a superior insulat- 
ing material with great me- 
chanical strength and is unaf- 
fected by oil. 


contributes to an improved product— 
in the Kyle Automatic Oil Circuit Recloser 


This practical use of Phenolite by the Kyle Products Plant of the 
Line Material Company is typical of its countless applications 
in the electrical field. Phenolite, about one-half the weight of alum- 
inum, is the perfect insulating material for high and low voltage 
applications. It possesses an unusual combination of properties. 
Phenolite has great mechanical strength and high resistance to mois- 
ture; ready machinability; is unaffected by solvents and oils. 

It can be easily punched, sawed and sheared. The toughness and 
high impact strength of cloth base Phenolite sheet make it suitable for 
gears; it is one of the strongest materials per unit weight known. 

Available in various grades and colors; and in sheets, rods, tubes 
and special shapes. Write for detailed literature and engineering 
information— 


NATIONAL VULCANIZED FIBRE CO. 


Wilmington Delaware 























Offices in Principal Cities 


Since 1873 
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Designed and built by Lake Shore 
Engineering Company of Iron Moun- 
tain, Michigan, this boom-mounted 
cargo winch is operated by Cone- 
Drive gears. Advantages include: 
ability to take shock loads, long-life, 
dependability, and unusual com- 
pactness. 


Although a 20:1 ratio Cone-Drive 
gearset of only 7-inch center distance 
is used, this compact gearing pro- 
vides a 27.7 mechanical horsepower 
rating at 1150 worm r.p.m. 


No wonder leading producers of 
hoists and winches are turning more 
amd more to standard Cone-Drive 
double-enveloping gears. 


eve GEARS — 


DOUBLE ENVELOPING GEAR SETS & SPEED REDUCERS 
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up to 600 lb of steel per hour. Two 
models available, one electrically 
heated, the other steam operated. 
Parts are suspended in pure solvent 
vapor which dissolves dirt and 
grease. Spray of hot solvent 
flushes away loose soils, and a 
rinse in pure solvent vapor leaves 
work clean and dry. Work may he 
placed in baskets or on racks or 
hooks to facilitate handling. Work 
may be carried in and out of unit 
either by hand or a small hoist. 
Unit is 48 in. high. Detrex Corp., 
Detroit, Mich. 

Surface Finishing Machine: Mod- 
el 206-A for processing hand tools. 
Can produce finishes ranging from 
rough glaze to highly colored mir- 
ror reflecting surface. Equipped 
for either mechanical holding or 
the use of a magnetic chuck. Con- 
trolled by an electro-hydraulic sys- 
tem, the machine is of single-roll 
design. Spindle is 40 in. long, with 
buffs ranging from 3 to 12 in. in 
diameter. Optional V-belt drive of 
spindle permits variable surface 
speeds. When used with mechan- 
ical holding fixtures, machine pro- 
vides working space 38 in. wide and 
24 in. deep; largest available mag- 
netic chuck provides working area 
38 in. wide, 14 in. deep. Clair Mfg. 
Co., Olean, N. Y. 

Heat Treating Unit: Model T-400 
handles 400 lb of work per hour; 
features 100 per cent forced con- 
vection heating. Operates at tem- 
peratures up to 1850 F and has 
complete automatic straight- 
through operation from heat 
through cooling or oil quench. 
Sealed to provide absolute atmos- 
phere control during entire heating 
and quench cycle. Employs non- 
alloy radiant heating tubes, baffles 
and a powerful fan mounted in roof 
of the furnace. Tubes are spring 
loaded and positively sealed 
means of compression bellows and 
are designed for either gas-fired 
or electric heating elements. Wor 
is loaded directly into heating zone, 
and after proper time at heat, work 
tray is automatically transferred 
onto a quench-cool rack which 
holds load for atmosphere cooling 
or lowers it for oil quench. Work 
tray moves automatically from 
heating zone to quench zone. 
Quench speeds and temperatures 
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